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Abstract 


Energy sprawl is a challenge ignored by most academics, analysts, policymakers 
and planners, although since the 1970s and 1980s some publications warn about 
the land constraints of renewable energy, particularly solar, wind and biomass. 
There are wrong assumptions about these technologies: they are not soft, clean, 
sustainable, and even renewable. The ‘soft path’ was constructed in the 1970s as 
an opposition to polluting and risky ‘hard’ fossil fuels and nuclear energy, ignoring 
its own constraints: climatic conditions, collection in high-density cities, costs, 
ecological/environmental, intermittency, land, net energy yielding, social, and 
unreliability. Land scarcity defines a limitation for ‘inexhaustible’ solar and wind 
energy and the deployment of energy systems in general. Analysing the energy 
transition from a territorial perspective raises epistemological questions that have 
theoretical and policy implications. 


New evidence often requires a revision of old ideas. 


— John Gribbin, The Universe 


1. Introduction 


The fagade of the Alfonso Caso Auditorium at the main campus of the National 
Autonomous University of Mexico, displays a glass mosaic mural by Mexican 
painter José Chavez Morado (1909-2002) titled The Conquest of Energy, 
completed in 1953. This piece of art shows the release of humanity through atomic 
energy, a progressive and reasonable idea in the mid-20th century: first 
governmental agencies on this topic emerged between 1945 and 1955; in 1954 
and 1956 first nuclear power plants (Obninsk in the Soviet Union and Calder Hall in 
the United Kingdom) started operation; and Hubbert (1956) estimated in an 
influential report an important rise of nuclear power per year. However, in 2018 
nuclear fission power stations only supplied about 11 percent of world’s electricity, 
with no significant increase projected for 2040 (IEA, 2019). Accidents, fears, high 
costs, considering as well the difficulties with the development of nuclear fusion 
reactors, make The Conquest of Energy by now a picture in the book of energy 
utopias. 

Hubbert (1956) also published in that report his first and controversial 
calculations of peak coal and peak oil, without taken into account other sources of 
energy. UNDESA (1957) did, holding the first conference on “new sources” of 
energy in Rome in 1961: solar, wind, marine and geothermal (UNDESA, 1962). 
However, the interest of the United Nations (UN) did not drive the first important 
research and development moment on this matter; it was the oil crisis of the 1970s: 
energy prices increase, fears about national vulnerability and depletion of 
hydrocarbons, and appeals on energy sovereignty (Hayes, 1977; Mara, 1984; 
McCasker & Clark, 1980). 

Following in the steps of the nuclear utopia came the renewable ecotopia, 
which has a second important research and development moment since the 1990s 


due to the energy-environmental policies that try to stop the alleged global warming 
(climate change) caused by the burning of fossil fuels (UN, 1987, 1993). The so- 
called new sources of energy in the 1950s have received different names over 
time: renewable, continuous, unconventional, alternative, natural, soft, safe, 
appropriate, decentralised, environmental, green, sustainable, clean, carbon- 
neutral, low-carbon... 

Let’s imagine that Chavez would have drawn some sketches about a new 
mural on energy, inspired by Chernobyl and the arrival of the 21st century. He 
would have consulted the book Introduccion a los Energéticos (Introduction to 
energetic resources) by Alba (1997), who wrote in that book about the “energy of 
the future”: he said that by 2030, coal will probably be the most used resource, 
despite the enormous pollution it produces, considering the striking reduction of oil 
and natural gas reserves; safer nuclear fission reactors will be used, nuclear fusion 
reactors are unlikely to work; geothermal and hydroelectric energy will grow 
moderately; countries with strong winds for several hours and days will use them 
successfully; solar energy will be the only source that will be able to compete with 
coal and nuclear energy for being available in large areas of the planet in 
“inexhaustible quantities” (pp. 152—153). Will humanity conquer energy with 
renewables? Although Alba’s prospect is basically correct, he did not consider 
something... 

Ciudad Juarez is a Mexican northern-border city (about 1.4 million 
inhabitants) in the Chinuahuan Desert that can only use solar energy and a small 
proportion of urban waste to be self-sufficient in energy. Furthermore, its global 
horizontal irradiance values from November to January are around or below 4 
kWh/m?/day (Gobierno de México, 2018), which affects the power density of solar 
systems (values below 10 W/m?) that require more area to meet average demand. 
How many square kilometres will Ciudad Juarez use to meet its energy needs in 
the post-petroleum and nuclear-limited future? What about other cities without 
strong winds, mighty rivers, and forests? What about other regions with low annual 
or seasonal irradiance values? The conquest of energy will require the conquest of 


land. From smog to oil shocks to radiation fears to climate apocalypse to energy 
sprawl. 

McDonald et al. (2009) coined the concept of energy sprawl, defining it as 
“the product of the total quantity of energy produced annually (e.g., TWh/yr) and 
the land-use intensity of production (e.g., km? of habitat per TWh/yr).” Noting that 
“relatively few studies have evaluated the habitat impact of future energy sprawl” 
(p. e6802). 

More recently, Kiesecker (2017) defines this phenomenon in simple terms 
as a “widespread energy infrastructure development,” and thinks that is “one of the 
most fundamental challenges that nature and humanity face in the coming 
decades.” He warns that by 2030 “20 percent of the world’s remaining natural 
lands are under threat from energy development” — an area around the size of 
Russia. He notes that renewable energy supplies “have a much larger footprint on 
the landscape than coal.” This is what Alba did not foresee. 

The warning about energy sprawl still stands in contrast with the small 
number of academic publications that discuss or at least mention it: just 40 in 
ScienceDirect as of mid-May 2021. There were 8,756 publications about urban 
sprawl in this database, 219 already published between 1996 and 2000. Why is 
this “fundamental challenge” ignored? There is a blind spot. 


2. Research problem and methodology 


Looking for an explanation to this conceptual myopia, | reviewed literature on 
ecology, energy, geography, planning, sustainability and urbanism (human 
settlements) written since the late 1950s, when renewable energy sources 
received more attention. There is a rich literature published particularly between 
1978 and 1986, studies that responded to the oil crisis of the 1970s. | also paid 
special attention to UN documents, considering their influence on the construction 
and international acceptance of problems. 

The review was not exhaustive. There is a lot of literature that promotes the 


use of renewables (what | call the positive view, e.g., Renewable Energy, 


Renewable Energy Focus, Renewable and Sustainable Energy Reviews journals). 
The objective was to know how the discourse (assumptions, beliefs, concepts, 
representations, suggestions, etc.) about the energy transition has changed in 
order to find key ideas, identifying aspects of renewable energy, the spatial impact 
of energy use, and energy-urban planning that allow us understand how the world, 
technology and social changes were observed and defined. | consider this work as 
an approach. The intention is to provide elements to continue exploring the 
problem. The authors included here are only a sample that allows us to point out a 
topic that deserves attention. 

As a result of the review, | explore some epistemological issues related to 
renewable energy and land use, and highlight the theoretical and policy challenges 
on planning required to face the energy sprawl problems that appear around the 
world: technological improvements do not change the finite nature of coal, oil, 
natural gas and uranium or prevent solar and wind intermittency — and entropy. 
But this is not just a question of available reserves and sources: it is a complex 
spatial (territorial) question, where natural or biodiversity areas are part of it. 

Nevertheless, is solar energy inexhaustible? Energy sprawl should make us 
think about the energy transition differently. 


3. Literature review 


| organise the authors into two groups: those who see constraints in renewable 
energy and those who have a positive view about it. Some of the latter also see 
constraints, but think that technological progress will solve them. 


3.1. Constraints 


| present in Table 1 a synthesis of main issues based on Andrews et al. (2011), 
Burchell & Listokin (1982), Byrne et al. (2017), Capello et al. (1999), Carroll & Udell 
(1982), Cheng & Hammond (2017); Cope et al. (1984), Droege (2006), Gonzalez- 
Eguino et al. (2017), Gupta & Hall (2011), Hafele (1981), Hall et al. (1986), Hayden 


2002), Hayes (1977), Hernandez et al. (2015), Jones et al. (2015), Kaza & Curtis 
2014), Kiesecker & Naugle (2017), Konadu et al. (2015), MacLeary (1981), Mara 
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2017), Odum & Odum (1981, 2001), OECD (1995), Outka (2010, 2012), Owens 
1986), Pérez-Denicia et al. (2017), Pimentel et al. (1994), Pimentel et al. (2002), 
Pollock (1982), Purvis (2004b), Rao & Sastri (1987), Rehbein et al. (2020), 
Sacchelli et al. (2016), Smil (2003, 2008, 2010a, 2010b), Stevens et al. (2017), 
Trainer (2008), Trainor et al. (2016), UN (1973, 1981, 1987), UNDESA (1957, 
1962), UNDP, UNDESA & WEC (2000), Van Til (1982), Van Zalk & Behrens 
(2018), Walker (1995), and Wu (2018) (see Appendix). 


Table 1. Constraints on renewable energy. 





Climatic conditions 





Collection in high-density cities 





Costs 
Ecological/Environmental 
Intermittency 

Land 

Net energy yielding 











Social 





Unreliability 











Hall et al. (1986), Odum & Odum (1981, 2001), Reynolds (2002), and Smil 
(2003, 2008, 2010a, 2010b) present comprehensive and critical studies on energy 
resources in general. Hayden (2002), Pimentel et al. (1994), Pimentel et al. (2002), 
and Trainer (2007, 2008) pay special attention to renewables. 

As we can see, there is awareness of the problems related to the use of 
renewable energy since the first UNDESA (1957, 1962) publications in this regard. 
Today, there is no broad discussion on energy sprawl, however, in the 1970s and 
1980s Carroll & Udell (1982), Hafele (1981), Hall et al. (1986), Hayes (1977), 
MacLeary (1981), Mara (1984), McCasker & Clark (1980), Owens (1986), Pollock 
(1982), Rao & Sastri (1987), and Van Til (1982) considered land-use or the space 
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required for the deployment of renewable alternatives as a key factor. The 
concerns of Cope et al. (1984) were mainly about fossil fuels and nuclear facilities, 
but their work was an early spatial approach that help us understand the 
challenges. 

In addition to the ecological and environmental constraints highlighted by 
various authors, it is important to note that Hall et al. (1986), Odum & Odum 
(1981), Owens (1986), and Rao & Sastri (1987) also analysed the net energy 
yielding and unreliability of renewables in the 1980s. Solar and wind — as nuclear 
energy — are products of fossil fuels: they require a lot of energy in their 
manufacturing process (Gupta & Hall, 2011), which is a limit. 

Furthermore, for Droege (2006), a promoter of renewables, biofuels from 
wood, agricultural residues, bagasse, animal waste, food industrial waste, 
municipal solid waste incineration, sewage, and landfill gas “are not strictly 
renewable or even environmentally sustainable in their use” (pp. 156-157). For 
Smil (2003), “woody biomass should not be classed as a de facto renewable 
source” (p. 261), and biofuels are “an inappropriate solution” considering their net 
energy and environmental impacts (2010a, pp. 118-115). Droege (2006) also 
thinks that geothermal and hydropower are not fully renewable, unlike solar, wind 
and marine (ocean) energy and biofuels from wood (pp. 156-157). However, 
Odum & Odum (2001) point out that “biomass is the only proven way to run our 
society on solar energy” (p. 168)... Contradictions are part of the problem. 

The scarce collection of solar energy in cities, even worse in high-density 
ones, leads to the construction of large-scale centralised solar facilities (Carroll & 
Udell, 1982; Owens, 1986), a problem hardly analysed. 

The UN is an important promoter of renewables, however, it recognises 
constraints in its fundamental documents on the environment, development and 
energy: costs (UN, 1987), ecological/environmental (UN, 1973, 1981, 1987; UNDP, 
UNDESA & WEC, 2000), intermittency (UNDESA, 1962; UNDP, UNDESA & WEC, 
2000), land (UNDESA, 1957; UNDP, UNDESA & WEG, 2000), social (UNDP, 
UNDESA & WEC, 2000), and unreliability (UN, 1987). In a paragraph of Our 


Common Future, we can specifically read a cautious view on costs and risks: “But 


a major programme of renewable energy development will involve large costs and 
high risks, particularly massive-scale solar and biomass industries” (UN, 1987, p. 
196). In another, the unreliability of the alternatives, considering past and current 
world demographic tendencies, urbanisation and the urban sprawl crisis: “Most 
renewable energy systems operate best at small to medium scales, ideally suited 
for rural and suburban applications” (UN, 1987, p. 194). Nevertheless, the UN has 
abandoned any critical perspective; its discourse is part of the contradictions that 


we must analyse. 


3.2. Positive view 


| present in Table 2 a synthesis of issues based on Alba (1997), Allende (1981), 
Beatley (2007), Bhalotra (1981), Bisello & Vettorato (2018), Byrne et al. (2017), 
Capello et al. (1999), Droege (2006, 2010), Fritsche et al. (2017), Girardet (1999), 
Gonzalez-Eguino et al. (2017), Hayes (1977), Lehmann (2003), Lin et al. (2018), 
Liu (2012), Lovins (1976), Manohar (1982), Merlin & Traisnel (1996), Moroni et al. 
(2016), Munier (2005), OECD (1995), Pérez-Denicia et al. (2017), Peter & 
Lehmann (2008), Ram et al. (2019), Steadman (1975), UN (1976, 1987, 1993, 
1996, 2002, 2012, 2015, 2017), UNDESA (1957, 1962), UNDP, UNDESA & WEC 
(2000), UN-Habitat (2015), Van Zalk & Behrens (2018), and Wackernagel & Rees 
(1996) (see Appendix). 


Table 2. Positive view on renewable energy. 





Different options for site choice 





Inexhaustible sources 





Low costs (relatively) 





Low land occupation 
Reliability 








Small scale 





Soft path (clean, no hazardous) 











Sustainability 





Just as we found authors in the 1970s and 1980s who pointed out problems 
about renewables, we can see an early enthusiastic presentation of alternatives in 
Allende (1981), Bhalotra (1981), Hayes (1977), Lovins (1976), Manohar (1982), 
and Steadman (1975). As noted, the UN promotes the transition, particularly 
considering the soft path and sustainability of the systems (UN, 1976, 1987, 1993, 
1996, 2002, 2012, 2015, 2017; UNDESA, 1962; UNDP, UNDESA & WEC, 2000; 
UN-Habitat, 2015), and also their reliability (UN, 1987, 1993, 2015; UNDP, 
UNDESA & WEG, 2000). About this, we can read in Our Common Future: “Most of 
these sources are currently problematic, but given innovative development, they 
could supply the same amount of primary energy the planet now consumes’ (UN, 
1987, p. 30), and “Renewable energy systems ... offer the world potentially huge 
primary energy sources, sustainable in perpetuity and available in one form or 
another to every nation on Earth” (UN, 1987, p. 192). So, the world can run on 
solar, wind, marine, geothermal, hydropower and biomass energy. UN (1981, 
1987, 1993, 2015) highlights the energy mix, as Andrews et al. (2011), Beatley 
(2007), and Fritsche et al. (2017). 

For some authors, land occupation is not a problem; in fact, Bisello & 
Vettorato (2018), and Moroni et al. (2016) reject energy sprawl. 

The issues presented in this subsection give us clues to explain the blind 
spot on energy sprawl. | will take some and show their importance in the 
construction of the energy discourse: they are assumptions and representations 
that guide the observation and intervention of the world. 


4. Discussion 


Droege (2006, 2010, 2018) is aware of the serious complications with renewables, 
but argues that cities can aim 100 percent on them; he does not see energy 
sprawl. UN (1987) contradicts itself by ignoring the problems of scale and land use. 
In fact, energy sprawl or a similar notion is no mentioned in all consulted UN 
documents (UN, 1973, 1976, 1981, 1987, 1993, 1996, 2002, 2012, 2015, 2017; 
UNDESA, 1957, 1962; UNDP, UNDESA & WEC, 2000; UN-Habitat, 2015), even 


though there is an early awareness of urban sprawl (UN, 1976) and the impact of 
the spread of agriculture and livestock farming (UN, 1987). UN (1976, 1993, 1996) 
does not link power generation and land problems, although the latter received 
specific recommendations. 

Kaza & Curtis (2014), and Outka (2012) recently stated the fundamental 
nexus between energy and land use. Certainly UN (2012, 2015, 2017) considers 
the impact of renewables, but constraints do not define its strategy, in fact, the 
promotion of these alternatives lacks a critical assessment in its latest central 
documents. The UN, and by extension the governments, organisations and authors 
that follow it, take the positive view. Is this correct? 

| present in Table 3 a comparison of the constraints and the positive issues 
considering the first years in which they appear in the literature, particularly during 
the 1970s and 1980s (Allende, 1981; Bhalotra, 1981; Burchell & Listokin, 1982; 
Carroll & Udell, 1982; Cope et al., 1984; Hafele, 1981; Hall et al., 1986; Hayes, 
1977; Lovins, 1976; MacLeary, 1981; McCasker & Clark, 1980; Manohar, 1982; 
Mara, 1984; Odum & Odum, 1981; Owens, 1986; Pollock, 1982; Rao & Sastri, 
1987; Steadman, 1975; UN, 1973, 1976; UNDESA, 1957, 1962; Van Til, 1982) 
(see Appendix), before Our Common Future (1987). | take as references to 
organise the issues chronologically the beginning of the oil crisis (October 1973) 
and the UN Conference on New and Renewable Sources of Energy, held in 
Nairobi in 1981. 


Table 3. Constraints and positive issues on renewable energy with respect to the 
years of mention, before the release of Our Common Future (1987). 











Years Constraints issues Positive issues 
Before Ecological/Environmental Different options for site choice 
1974 Intermittency Inexhaustible sources 

Land Soft path (clean, no hazardous) 
1974-1981 | Ecological/Environmental Inexhaustible sources 

Land Low costs (relatively) 

Net energy yielding Reliability 




















Soft path (clean, no hazardous) 
Sustainability 





1982-1987 | Climatic conditions Different options for site choice 
Collection in high-density Low costs (relatively) 
cities Small scale 
Costs Soft path (clean, no hazardous) 
Ecological/Environmental Sustainability 


Intermittency 

Land 

Net energy yielding 
Unreliability 

















Ideas about the soft path, reliability and sustainability, particularly, are 
present early despite critical voices about ecological/environmental, net energy 
yielding and unreliability constraints, so there was no absolute certainty to make 
the former affirmations. 

In recent publications we find a disregard for land requirements of 
renewables, presented precisely as soft or clean. Paradoxically, studies on the 
ecological footprint are good examples: Wackernagel & Rees (1996) point out that 
renewable energy sources provide “smaller ecological footprints than fossil fuels” 
(p. 74), “do not themselves require any direct use of ecologically productive land” 
(p. 75), and “can massively reduce our energy footprint” (p. 130). Lin et al. (2018) 
suggest that “transitioning to clean energy” is “an easy target for achieving 
significant reductions in the world’s Ecological Footprint” (p. 15). 

There is a very strong idea that renewable energy sources are good or 
benign in themselves. Munier (2005) thinks that projects are “environmentally 
sustainable” per se if “work with renewable resources” (p. 335). But we find a good 
synthesis of the positive view in Liu (2012): “In contrast with traditional energy, new 
(clean) energy has three major advantages: it is highly efficient, renewable and 
environmentally friendly. More importantly, new energy can solve the global energy 
crisis and reduce the hazards which caused by traditional energy pollution” (p. 1), 
“Coal or fuel, which is the most popular energy source since the industrial 
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revolution, is a low efficiency energy resource compared with any new energy 
resource” (p. 3), and “New energy mostly comes from nature, like sun, wind and so 
on, SO we can consider it as an unlimited resource” (p. 4). 

These ideas ignore the constraints of renewable energy. There is a serious 
misconception in saying that coal or fuel “is a low efficiency energy resource” 
compared with any renewable alternative; the opposite is the truth: coal and oil 
have better energy densities, better energy return on investment, and, beyond 
extraordinary disruptions, consistently deliver heat and power (Gupta & Hall, 2011; 
Reynolds, 2002; Smil, 2010a, 2010b). 

However, the contradictions about the impact of renewable energy and 
unconcerned views about the occupation of land to produce energy is not what has 
caused the ignorance on energy sprawl, which responds to something else. 


4.1. Epistemological implications 


We cannot see a problem if we have not defined a situation as a problem. The 
constraints of renewable energy and energy sprawl are absent in recent UN 
documents — do not exist as problems — because they do not exist for most 
academics, analysts and planners as theoretical concepts. But even before the 
theoretical construction, there is the ability to construct theories, determined by 
ideologies (shared social representations) that rule what people can think (Garcia, 
2000; Van Dijk, 1998). We must analyse renewable energy, energy sprawl and 
energy transition as an ideological question. 

Van Til (1982) identified three energy ideologies during the 1980 United 
States presidential campaign: energy plenitude (enough oil), energy pragmatism 
(selective development and conservation), and energy transformation (small-scale 
technology and conservation) (p. 10). These denominations are useful for our 
purpose, corresponding energy pragmatism with those who see constraints, and 
energy transformation with the positive view on renewables. Today there are few 
people with an energy plenitude position, as there is awareness of peak oil/gas, 
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diminishing returns, pollution, and the difficulties of nuclear power. The discussion 
focuses on the capacity of renewables to do precisely the transformation. 

We can consider as basic beliefs or representations of the ideology of 
energy transformation issues presented in Table 2, some of them with more force, 
such as the soft path and sustainability, which are part of a broader and more 
influential ideology: environmentalism (Milbrath, 1989; Paehlke, 1989). 

The belief that renewable energy is soft or clean is, as we have seen, 
unfounded. Certainly these technologies do not emit toxic gases into the 
atmosphere during their operation, but if we consider their entire life (from cradle to 
grave) there are several and even serious ecological and/or environmental 
damages and ‘hard’ energy consumption during the obtaining of their base 
materials and manufacturing. 

In its definition, the ideology of energy transformation applies dualisms that, 
as Haughton & Counsell (2004) explain, “tend to work better as polemic devices 
than as analytical tools.” They work “by using the rhetorical device of creating two 
categories which can be portrayed as internally coherent and mutually exclusive. In 
doing this, they serve to create and perpetuate oversimplified accounts of complex 


concepts” (p. 56). | present in Table 4 a synthesis of energy dualisms. 


Table 4. Dualisms on energy transition. 





Energy transformation | Current energy model 











Appropriate Risky 
Clean Dirty 
Dispersed Centralised 





Environmentally friendly | Destructive 




















Inexhaustible Finite 

New Traditional 

Safe Hazardous 

Small Large 

Soft Hard 

Sustainable Unsustainable (temporary) 
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These ideas are used in opposition to fossil fuels and nuclear energy, the 
impacts of which have been widely evident in the case of coal since the 19th 
century, in the case of oil since the 1960s (particularly the oil spill from the super 
tanker Torrey Canyon in 1967), and in the case of nuclear power plants since 1986 
(Chernobyl). Lovins (1976) was one of the first to define: “The hard path entails 
serious environmental risks, many of which are poorly understood and some of 
which have probably not yet been thought of’; while the environmental impacts of 
the soft path are “relatively small, tractable and reversible” (p. 88). 

The problem with the positive view is that still retains its original dualisms: 
this ideology defined itself based on characteristics of the so-called ‘hard’ energy 
sources, not its own. Now we are going through renewable energy impacts, the 
theoretical warnings become real. We are obtaining data to adequately define 
renewables. We need new categories. However, this does not define the blind 
spot: ignorance about energy sprawl. 

To outline an explanation, let’s review other cases of blind spots for 
guidance: 1) in the first decades of the 20th century, urban planners did not 
foresee the widespread use of private cars in the United States; 2) during the 
1960s and early 1970s, only one project by the influential neo-futurist architectural 
group Archigram envisioned the importance of computers and information 
technologies; and 3) the European Environment Agency published a report entitled 
Urban Sprawl in Europe: The Ignored Challenge (Ludlow, 2006), despite the 
discussion on urban sprawl since the 1970s (Real Estate Research Corporation, 
1974; UN, 1976). 

Blind spot case 1: Foster (1979) explains that American urban planners in 
the 1930s had the idea that the automobile would be a luxury, an object of leisure 
for rich people, and that the streetcar would be the only means of transport from 
home to work for most city dwellers. So the planners avoided what was then 
considered an ‘elitist’ approach. Their view in favor of the streetcars was also 
influenced by the data on urban travel they had, provided by the trolley companies. 
They had no information to anticipate the decline of public transport in the United 


States. 


Blind spot case 2: London-based Archigram proposed different 
megastructures inspired by earlier work by architects Buckminster Fuller and Yona 
Friedman: interchangeable, disposable and reproducible module clusters as the 
Plug-In City, Walkable City, Instant City, Tuned City and Computer City. Only the 
last, by Dennis Crompton, envisioned a city with information flows — in addition to 
traffic, goods and people. Garcia (2004) points out that Archigram was also 
particularly inspired by space exploration technology and new materials (plastics): 
they imagined a post-stable, post-tectonic and mobile architecture, not a city of 
electronic devices and a wireless network. True to their tradition, despite their 
avant-garde rebellious spirit, they thought like architects, not engineers. 

Blind spot case 3: urban sprawl in Europe was generally the result of 
economic development and low transport costs. Problems were within the cities, 
some related to the conservation of historical places, the rescue of 
neighbourhoods, the transformation of buildings with energy-efficiency criteria, and 
the implementation of the environmental agenda. As in the United States, urban 
sprawl was a good thing: a sign of prosperity (Garcia, 2004, 2016; Ludlow, 2006; 
Polése, 1998). However, the social, energy and environmental effects of this 
human settlement pattern were already there. 

Urban planners in the 1930s and Archigram in the 1960s did not have 
enough information to make good policy decisions and explore city models beyond 
the formal-structural frame, respectively. But European planners had as a 
reference precisely the urban sprawl in the United States (Real Estate Research 
Corporation, 1974). Assumptions and ideology, besides data, shape the way 
planners, architects, policymakers, academics, analysts, scientists, etc., see the 
world. 

Since the 1970s and 1980s there have been warnings on the constraints of 
renewable energy, currently the impacts and failures are confirming them. We can 
explain the blind spot on energy sprawl following especially the explanation on the 
ignorance of European-planners about urban sprawl: the expansion of renewable 
energy around the world is a sign of a good thing, namely, the overcoming of the 


‘polluting’ fossil fuels. This is why constraints are underestimated or even ignored. 
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In addition, since 1987 with Our Common Future, there is a powerful discourse that 
maintains and reinforces dualisms and the positive view about renewables: 
anthropogenic global warming (climate change). Mitigation policies such as the 
deployment of renewable energy are imperative. The challenge is to increase clean 
and carbon-neutral MW and transform cities from fossil fuels to solar. Renewable 
energy is something necessary for a hopeful future: the opportunity to ‘save’ the 
planet. No problems should be pointed out in the final solution. As the nuclear 
narrative, renewable energy appeared with its own promises. 

We can also explain the blind spot by analysing academic categories. Kaza 
& Curtis (2014) make us pay attention to the fragmentation of disciplines 
(knowledge): “Land use conflicts with renewable energy and distributed generation 
are only very briefly alluded to, as they are considered nascent technologies and 
are treated primarily as engineering and technological problems rather than social 
ones” (p. 355). This is a key epistemological factor. It is not just about 
representations and dualism, but about how we approach problems (reality) as 
highly specialised thinking beings. 

The inaccurate notion that defines renewables as inexhaustible sources, 
particularly solar and wind, is the result of this fragmentation. This idea was already 
present in the late 1950s (UNDESA, 1957) and has been there ever since. UNDP, 
UNDESA & WEC (2000) states: “There are no real limitations on future energy 
availability from a resource point of view’ (p. 12). Which is, as Kaza & Curtis 
explain, engineering and technological. 

The fluxes are inexhaustible, but to collect them we need space. It is not 
only a problem of power-generation, but of land occupation — geographical. Some 
years ago, Grainger (2004) pointed out that the spatial dimension, even in 
sustainable development treatments, “has so far been rather neglected” (p. 50), 
and Purvis (2004b) that there is a “lack of grounding in any sense of spatial 
context” (p. 48). Ignorance of energy sprawl today is a consequence. 

Land is a scarce, finite and limited resource (Gerber et al., 2018; 
Metternicht, 2017; Polése, 1998), recognised by UN (1976, 1993, 1996) in its 


analyses and recommendations on land management. So if we need land to 
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produce solar and wind energy, and it is a limited and non-reproducible resource, 
we cannot say that these sources are unlimited. A simple syllogism, but it makes 
sense: although intermittent, the fluxes are inexhaustible from a physical point of 
view; but under a geographic (spatial, territorial) approach on land-scarcity we 
cannot deploy energy systems all over the world — in addition to the climatic, 
ecological, economic, environmental, social and technological constraints. This 
defines a change in the way we must understand and discuss the energy 
transition. Renewable energy was constructed discursively as an optimum solution, 
but it is not. Optimistic authors generally do not discuss the limits of their visions 


and models — other than economic interests. 


4.2. Theoretical implications 


Reviewing and changing assumptions and representations — changes in the 
epistemological framework — results in the need to review the theories constructed 
from them: if land is a central element in the energy transition, it must be 
incorporated as a main concept in energy theoretical frameworks. If renewable 
energy is not soft, clean, inexhaustible, sustainable, etc., we need new definitions 
that describe the alternatives correctly and directly, not as opposed to something 
else — in this case, fossil fuels and nuclear energy. The very idea of renewable 
needs to be reviewed: does it help us to adequately define energy options and 
sustainable strategies? Harjanne & Korhonen (2019) suggest abandoning this 
concept. 

UN recommendations on land management do not consider energy. Most of 
the documents and studies analyse land-use under an urban or ecological (natural 
areas) approach, pointing out biodiversity, economic, environmental, and social 
issues; energy is treated as an environmental problem (efficiency, distributed 
generation, low carbon emission). The required nexus between energy and land 
use is a recent proposal. Certainly fossil fuels and nuclear power have a spatial 
impact, but they do not have the projected renewable-energy extension (Smil, 
2008). 
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With coal, mainly since the 18th-century, humanity experienced an energy- 
spatial change: the energy source was acquired underground and its combustion 
transformed into heat or electricity in facilities that occupied a small area compared 
to forests and large plantations. Oil since the 19th century and natural gas and 
nuclear power since the 20th century repeated the pattern of coal. Energy 
production became an increasingly deep mining question. Furthermore, oil and gas 
extraction took place offshore — land was not a problem. With renewables, 
humanity returns to the surface to obtain energy in an overpopulated world — land 
is a problem. We can say that due to the needs of land for energy production, the 
world became smaller. And some components of solar panels and wind turbines 
also require mining operations. 

It is only in the 21st century that we are becoming aware of the theoretical 
gap between territorial planning and energy. However, Delfante (1981) pointed out 
a similar problem between urban planning and energy due to the effects of the oil 
crisis of the 1970s on cities: “Current methods on physical planning do not take into 
account energy data, and the studies of these two categories of problems are not 
co-ordinated” (p. 1). So, this co-ordination is one of the theoretical challenges of 
the energy transition. 

Bhalotra (1981), Cope et al. (1984), Delfante (1981), Fernandez (1981), 
Grainger (2004), Hernandez et al. (2015), Jackson (1978), Jones et al. (2015), 
Merlin & Traisnel (1996), Moore-O’Leary et al. (2017), Ong et al. (2013), Outka 
(2012), Owens (1986), Purvis (2004b), Van Til (1982), and Wu (2018) present 
directly or indirectly elements to organise the work ahead (see Appendix), | present 
in Table 5 a synthesis: 


Table 5. Theoretical suggestions on energy transition. 





Complexity approach 





Regional approach 





Energy-urban integration 





Energy-land integration 





Spatial dimension 











The theoretical challenge is to overcome the fragmented approach and to 
develop frameworks and methodologies to include the spatial (territorial) 
dimension. It is not just about energy units (engineering, physics, technology), but 
about area (geography) and land use (agronomy, ecology, economy, forestry, 
planning, urbanism, etc.). Complexity defines a new paradigm. Naredo (1994) 
pointed out that there was no territorial planning due to the fragmented approach of 
science. 

In a post-fossil fuels perspective, anyway we need space to get food, fiber, 
wood, heat and power. The energy sprawl warnings emerged when considering 
natural areas and biodiversity, the problem is more complicated if we incorporate 
only agriculture. 

Theory must resolve the contradictions about the energy transition or at 
least raise them. For example, despite the existing criticism of biomass, Odum & 
Odum (2001) point out that it “is the only proven way to run our society on solar 
energy” (p. 168). Another topic with open questions and different opinions is the 
most appropriate human settlement pattern for the new energy era, already raised 
since the 1980s (Carroll & Udell, 1982; Owens, 1986; Pollock, 1982; UN, 1987; 
Van Til, 1982). There is a dominant view: cities must be compact to save energy 
(against urban sprawl), however, distributed solar energy generation requires a 
low-density dispersed pattern (urban sprawl); compact (high-density) cities save 
energy for transport, but collect less solar energy. Another question is how to adapt 
neighborhoods and towns with historical or aesthetic value, slums, settlements in 
difficult landforms, and existing frames designed and built without energy-saving 
criteria during the cheap oil era. The limited availability of energy alternatives in 


some regions suggests that energy sprawl will be unavoidable. 


4.2.1. Beyond soft energy 

When Alba (1997) wrote about the future of energy towards 2030, he did not 
foresee an energy sprawl. A problem that for that year could be serious, according 
to Kiesecker (2017). The goals of the UN and governments set in 2015 for 2030 


are closer to Alba’s forecast than to Kiesecker’s. This shows the gap between the 
positive view of renewables and the awareness on their constraints. 

The consequences of energy sprawl are still ignored by academics, 
analysts, planners and policymakers because there is a powerful catastrophic 
narrative — global warming/climate change — that justifies changes in land-use 
and deforestation for the deployment of soft, clean, sustainable energy. It is the 
same voice, but from Lovins (1976), even earlier, which | have already cited: the 
environmental impacts of the soft path are “relatively small, tractable and 
reversible”; like the hard path “entails serious environmental risks, many of which 
are poorly understood and some of which have probably not yet been thought of” 
(p. 88). However, we find another paradox here: Lovins wrote about fossil fuels and 
the risks of atomic energy (hard path) admittedly poorly understood and 
unimaginable in the mid-1970s, although some impacts of coal and oil were 
already visible and measured. Nonetheless, 45 years later, the same words could 
be used for renewable energy: entails serious environmental risks, many of which 
are poorly understood and some of which have probably not yet been thought of. 
The soft path paradox. 

However, before thinking about creating new theoretical frameworks that 
organise concepts and methods, we must review and change our assumptions and 
representations to correct our misconceptions: a) renewable energy is not soft, 
clean, sustainable, etc., it entails serious ecological, environmental and territorial 
impacts: the idea of ‘no damage’, posed as an incorrect comparison (opposition, 
dualism) with fossil fuels and nuclear energy, ignoring its own features and 
constraints, b) land scarcity makes solar and wind energy exhaustible sources: we 
need space to use their continuous fluxes. 

Following this, it is also not correct to name these energy sources as 
renewable: the land could be used for different purposes or even disappear (floods, 
landslides) — as biomass — or the area is insufficient to produce enough heat or 
power for specific purposes — as in high-density cities. So, considering the 
energy-land nexus, | propose the concept of regionally available energy, which 


could be used to fossil fuels and nuclear energy as well, since some fields will 
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never be exhausted if they only serve regional or local demand, and nuclear 
facilities need special geological conditions. 

In addition, as energy sprawl is and will be a result of the energy-demand of 
cities and towns settled in specific regions — the impact is transferred — | propose 
as a planning concept the settlement energy region, which goes beyond the urban 
frames and can add peri-urban, rural and natural areas. For this reason, it is 
important to create adequate governmental and planning institutions: under an 
energy-land view, the current political divisions could be ineffective. There are 
regions that are poor in energy resources and land, fossil fuels made their 
development possible. How will it be guaranteed in a post-petroleum world? 
Sustainability is about this (Tainter, 2006). 

As the subject of this new vision on energy, it is convenient to analyse the 
idea of what is sustainable: development, societies, human settlements, 
ecosystems, agriculture, industrial processes, policies, regions. For example, 
urban sustainability will depend not only on good economic, environmental and 
energy-efficiency practices within the settlement, but on regional energy capacity: it 
is a problem outside the city limits. Urban theory does not dispute this. This new 
energy situation forces us to construct a new prospect due to the exhaustion of the 
fossil fuels and nuclear model and now also of the so-called renewables, the first 
based on fields and deposits, the second on the surface and land. The theoretical 
exercise must anticipate it. Climate alarmism did not give us elements: the problem 


is the ground. 


5. Conclusions and policy implications 


Current theories and policies do not see contradictions between renewable energy 
and land protection. It is necessary to talk more about hectares and acres: any 
projection of watts or joules must have a corresponding spatial analysis. Energy 
sprawl means, above all, an epistemological change. Theory — which is the 
product of assumptions and concepts — constructs problems. The goal of policies 


21 


is to solve them. If there are no good theory and proper policies, problems will 
prevail. 

The UN is an institution that defines global policy, there has been continuity 
in its objectives and recommendations since the 1970s. Currently, there are 17 
goals that guide governmental actions: The 2030 Agenda for Sustainable 
Development (UN, 2015). Four goals are particularly relevant for energy sprawl: 
Goal 7: Ensure access to affordable, reliable, sustainable and modern energy for 
all; Goal 11: Make cities and human settlements inclusive, safe, resilient and 
sustainable; Goal 13: Take urgent action to combat climate change and its 
impacts; and Goal 15: Protect, restore and promote sustainable use of terrestrial 
ecosystems, sustainably manage forests, combat desertification, and halt and 
reverse land degradation and halt biodiversity loss. The promotion of renewables is 
a central suggestion: Goal 7.2 “By 2030, increase substantially the share of 
renewable energy in the global energy mix” (p. 21). In addition, a regional 
development approach: Goal 11.a “Support positive economic, social and 
environmental links between urban, peri-urban and rural areas by strengthening 
national and regional development planning” (p. 24). However, energy sprawl is not 
mentioned. The UN pays special attention to the mitigation of climate change, but 
does not analyse what this strategy implies spatially. Thus, in another recent 
document we find: “Set up and adopt efficient low-carbon urban forms and 
development patterns as a contribution to improving energy efficiency and 
increasing the access and use of renewable energy sources” (UN-Habitat, 2015, p. 
21). But there is no mention of energy sprawl, an inevitable result of climate 
change policies. We can also note this lack of a comprehensive territorial 
perspective from Agenda 27, besides its valuable suggestions on various issues 
(UN, 1993). Then we may ask if there is a suitable policy framework to create 
suitable policies. Just as there is a fragmentation of knowledge, there is a 
fragmentation of policies. 

Several authors already mentioned in this paper suggest policy 
recommendations on energy transition that we can use to cope with energy sprawl 


(see Appendix), | present in Table 6 a synthesis: 


ee 


Table 6. Policy recommendations to cope with energy sprawl. 





Assess the environmental effects of energy production and use 





Create appropriate legal, technical, structural, and financial 


arrangements (institutional framework) 





Energy planning 





Energy-urban planning 





Land-use planning 





Planning integration (co-ordination) (energy, human settlements/urban, 
land-use, physical [ecological, environmental], regional, strategic, 








territorial) 





The main challenges are creating an institutional framework and planning 
integration. Outka (2012) highlights: “Land use law is energy law” (p. 247). Land- 
use/regional/urban planning has energy consequences, just as energy planning 
has land-use/regional/urban consequences. Complex situations require new 
institutions (laws, policies, plans, programs, agencies) and regional, national, 
international, and sectorial integration and co-ordination. 

Beyond technological factors and basic data, energy was absent from 
planning agendas for most of the 20th century due to the idea of resources 
abundance and low prices (Burchell & Listokin, 1982; Cope et al., 1984; Rosa et 
al., 1988). The oil crisis of the 1970s made the change. Despite the environmental 
crisis and urban sprawl, land has been absent from energy agendas. Like energy 
planning, land-use planning was developed in a context of economic growth and 
expansion (Gerber et al., 2018), it saw no constraints. 

Energy sprawl is a phenomenon that represents an unprecedented 
theoretical and planning challenge due to its complexity and unavoidable impacts 
and scope. For some, anthropogenic global warming is the last chapter, 
considering the energy question as an environmental problem. But if we analyse 
the energy question as a problem in itself, we will understand the profound and 
interrelated ecological, economic, energy, environmental, social, and spatial 
challenges that lie ahead. Social welfare and sustainability — under a steady-state 


or growing economy, socialism or capitalism, in metropolitan areas, medium-sized 
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cities or rural villages — require energy. Despite the constraints presented in Table 
1, some think that the world is ready for the end of the fossil fuels civilisation, 
ignoring that ‘low-carbon’ energy policies have hard land, ecological and 
environmental impacts. Energy sprawl is the next chapter. 

Contrary to popular opinion — under a post-environmental approach — 
fossil-fuels and nuclear energy may be part of the solution: there are still enough 
coal, oil and natural gas to run the world and the capacity to build nuclear facilities 
in specific places to organise the transition. This is an important change in 
perspective: not stopping the consumption of fossil fuels to avoid ‘climate change’, 
but using their superior energy qualities (Reynolds, 2002) and energy rents 
(Beaudreau, 1998) wisely to create the impending technological and territorial 
conditions. Futhermore, it is not correct to call for a ‘low-carbon’ economy while 
ignoring the current global economic, financial and social crisis, which will also 
reduce subsidies for renewable energy. Agencies should support regional studies 
and planning taking into account energy constraints and the characteristics of deep 
social and territorial changes — rather than spreading ecotopian or apocalyptic 
discourses, as they distort reality and become pointless. 

As a synthesis, a blueprint: a) deconstruct the so-called soft, clean and 
renewable energy: go beyond the positive assumptions by focusing on the 
constraints; b) expose energy-land needs, therefore, energy sprawl; c) integrate 
concepts and methodologies during the planning process; d) integrate institutions 
for the implementation of policies. 

Until now, energy transition has been a discourse elaborated by an 
engineering-environmental view; geography should enhance it — and also 


energetics. 
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Appendix. Research process 


Notes on authors addressing issues on renewable energy, the spatial impact of 


energy use, and/or urban-energy planning. 


Colors highlighting key ideas: 

__ Renewable energy constraints 
Positive view about renewable energy 
NW) Theoretical suggestions 


"Policy recommendations 


Author Notes 


UNDESA (1957) Important factor (solar): amount of land available. (p. 40) 
Wind and solar: Mexhaustiole. (pp. 44, 121) 


UNDESA (1962) Big handicap of wind and solar: intermittence of supply. 


Energy storage required. (p. 11) 


Wind and solar: ifexhaustible. (p. 20) 
Solar energy enjoys Grsatiireedomlonsitelchoies. (p. 20) 


Wind, specific sites to obtain optimum results. (p. 20) 
Geothermal, GI@aA as well as free from ashes or smoke. (p. 
26) 


UN (1973) Be aware of the environmental effects of energy production 


and use. (Recommendations 57-59) (pp. 18, 19) 


Steadman (1975) Compendium on “new” sources of energy (solar, wind, 


small-scale water power, methane). 


Wind and solar: “i@xhaustible’. (Chapter 3) 
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Lovins (1976) 


UN (1976) 


(SoiMenersySiateGy(aihi): energy efficiency, RE sources 


and transitional fossil-fuel technologies. (p. 84) 
Environmental impacts: of the soft path are Pelauvelyismall, 
tractable and reversible; of the hard path (coal, oil, gas, 
nuclear) entails serious environmental risks, many of which 
are poorly understood and some of which have probably not 
yet been thought of (p. 88). 


Save land from excessive exploitation. (Recommendation 
B.5) (p. 25) 

Regional planning for metropolitan areas: €6-ordinated 
provision of food, water and energy supplies, transportation, 
disposal of solid and fluid waste, pollution control measures, 
etc. (Recommendation B.6) (p. 26) 

Urban expansion can take the form of urban sprawl, and it is 
then costly, wasteful and ecologically destructive; should be 
planned within a regional framework, and co-ordinated with 
urban renewal; protect 6cosystems and Critical land. 
(Recommendation B.9) (p. 29) 

Emphasizing where possible the use of renewable over non- 
renewable energy sources and the rationalization of 
technologies which are currently known to be hazardous to 
the environment; (Recommendation C.5) (p. 43) 


Use of sources of energy which have a low or no waste 


production. (Recommendation C.13) (p. 51) 

Land is a scarce resource whose management should be 
subject to public surveillance or control, for the provision of 
public shelter, infrastructure and services, and the protection 
and enhancement of the natural environment especially in 
sensitive areas of special geographic and ecological 
significance. (Recommendation D.1) (p. 62) 


Change in the use of land, especially from agricultural to 
urban, should be subject to public control and regulation, 
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Hayes (1977) 


Jackson (1978) 


McCasker & Clark (1980) 


through: zoning and land-use planning as a basic instrument 
of land policy, and direct intervention (creation ot land 
reserves and land banks). (Recommendation D.2) (p. 64) 
The supply of usable land should be maintained by all 
appropriate methods inoluding land capability analysis and 
increased by long-term programmes of land reclamation and 
preservation. (Recommendation D.6) (p. 68) 


Benefits of solar energy would far outweigh the costs and 
difficulties. (p. 155) 

Energy transition would be BAVIPOMMentallyatiractive. (p. 
159) 

Although centralized solar electric plants hold lelecological 
punches —comparing them with fossil-fuels and nuclear 
facilities— they would despoil large tracts of pristine desert 
and are less promising in countries where land is scarce. 


(pp. 164, 165) 


Human settlements policies and energy policies need to be 
planned in Conjunction with each other. (pp. 33-35) 
Planning integration requires a decentralized structure of 


administration, co-ordination of the local, regional and 
national levels. (pp. 54, 57). 

The location of new energy facilities will give rise to 
significant planning problems. (p. 110) 

The G@mplexity of the topic, uncertainties on technology 
development, and the lack of knowledge affect the role of 
urban and regional planners. (p. 131) 


Centralized solar thermal systems can produce large 
amounts of energy in areas that receive high solar radiation 


and where other land use options are limited. (p. 198) 
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Allende (1981) 


Bhalotra (1981) 


Delfante (1981) 


Fernandez (1981) 


Hafele (1981) 


There are possible adverse effects of photovoltaics involved 


in the mining, refining, manufacture and ultimate disposal of 


photovoltaic cell materials. (p. 214) 


Although a number of potential environmental issues have 


been identified which could possibly limit the development of 
wind energy, most of these can be mitigated by Careful site- 


specific evaluation prior to siting. (p. 257) 
RE sources are fhelultimeatelsolution to human energy 


problems, being one of their characteristics relatively (OW 


InVESIMERTTEQUIFEMERTS. (p. 60) 


New energy alternatives (particularly solar) will have an 


impact on urban texture; a Compact model is desirable. (pp. 
76-83) 


Softliiechnologies would supply constant energy, safety and 


security, without huge financial investments, political and 
economic dependency, and industrial splurge. (p. 101) 
Wrbanithesry must enrich its approach including rural areas 
and agrarian economy. (p. 102) 


Planning did not consider energy data, and §iUidies on this 


issues were not coordinated. (p. 1) 


A new human settlement pattern, the “territorial city’: HW 


Spalialischemes!andlurbaniform under a new political 


organisation and economic model inside a State-region. 


RE production for a world population of 8 billion people with 
an energy consumption of 3 kW per person and an average 


power density of 0.5 W/m? will require an area of 48 million 


km? (around one third of world land surface). (p. 21) 
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MacLeary (1981) 


Odum & Odum (1981) 


UN (1981) 


Burchell & Listokin 
(1982) 


Carroll & Udell (1982) 


Projections for UK: major environmental (pollution and 
ecological changes, landscape deterioration) and land 
conflicts due to the wide use of RE, particularly wind and 
biomass (pp. 37, 38, 41, 42). 


Miscalculations on net energy yielding have caused solar 
technology, oil shale, nuclear energy, and others to be 


regarded with more potential than they have. (p. 249) 
A good decision is the one that is most energy-effective in 
the long run, we should examine any proposed project for its 


effect on energy budget of the region. (p. 254) 


If the global demand for energy is to be met, it will require a 
shift away from the current excessive reliance on 
hydrocarbons towards a more diversified mix of energy 
sources. It will also require significant and continuing 
progress in the efficient and rational use of available 
resources. In this context, energy planning should play a 
significant role. (p. 3) 

The energy transition should take place in a manner which 
recognizes the existence of Competing demands for basic 
resources and the need to optimize their usage. The energy 
transition should take place in a manner which would not 
cause harmful changes in the environment but would, in so 
far as possible, improve environmental conditions. (p. 5) 


Compactness and high-rise structures do not facilitate solar 


collection, this energy system is best suited to moderate 
density suburbs or low density exurbs. (pp. 14, 22) 


The integration of solar energy systems into the built and 
natural environment creates problems in terms of available 
land area. The inescapable point is that providing a 


At 


Manohar (1982) 


Pollock (1982) 


Van Til (1982) 


community’s energy needs with solar energy will require 
significant amounts of land. (p. 165) 

Older conventional technology and remote, centralized, 
large-scale solar facilities are both expensive options. For 
this reason solar energy becomes most cost effective and 
enhances household ownership economics in the suburbs. 
(p. 170) 


Energy planning policies should be coordinated by urban 
and regional planning. (p. 63) 

Alternative post-industrial future society, the “Zero Energy 
Growth” scenario: a 8UStaina@ble not-zero economic growth 
model based on services and amenities instead of heavy 
industrial activities that could permit the use of B@anen 
fenewablewandismallemseale energy sources. (pp. 70, 71) 


Simpler and localized systems (SOflechnology) would be 
cheaper because they could avoid expensive technology of 


centralized systems. (p. 101) 


A hypothetical city built de novo to maximize solar energy 
collected on site places larger demands on land use than a 
city with 25 percent of its energy supplied by solar 
technologies. Energy demands in high density areas may be 
too great for any significant contribution from these 
technologies, as consequence, surrounding lands will be 
affected by high costs and intensive development pressure. 
However, it is necessary to plan for widespread use of solar 
energy since there are no many energy options. (pp. 181- 
184) 


The maximization of solar energy will require a good deal of 


space for the array of solar cells, water heaters, windmills, 
and small hydrogenerators, and a well-maintained 
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Cope, Hills & James 
(1984) 


Mara (1984) 


conventional power system as backup for use at night and 
on cloudy days. (p. 112) 

There are limits to solar “optimism”: the sun does not always 
shine and the wind often stands calm when the power is 
needed; some cities do not have good climatic conditions; 
solar collectors give rise to potential conflict among 
neighbours regarding shadows. Solar technology fits well in 
suburban (urban sprawl) milieus, but if solar energy cannot 
fuel personal vehicles, urban sprawl will find a limit, 
favouring a multinucleated less energy-intensive urban 
futUre. (pp. 129, 130). 


External impacts that energy supply developments have on 
the physical environment relevant to planning: size and land 
requirements are usually large; environmental impact is 
great; limited number of suitable sites. (p. 9) 
ifterelational. characteristics which arise from the 


dynamism of energy supply and demand systems: 
competition between different energy producers and 
between energy producers and others for a limited number 
of sites; impacts of energy extends from the local to the 
global and cannot be considered independently; energy 
policy is intertwined with a great many other policy areas, 
many with their own relevance to planning; the diversity of 
actors involved in formulating energy policy brings many 
external pressures to bear it on. (p. 9) 

Capital requirements for development are large. (p. 9) 
The relationship between energy and planning have 
“GOmplex’ substantive issues. (p. 12) 











Land-use factors as the availability of adequate physical 


space, the proper orientation of that space, and the 


availability of solar access, influence the amount of space for 


solar energy collection in dense areas. (pp. 37, 38) 
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Hall, Cleveland & 
Kaufmann (1986) 


Land-use questions will surround any efforts to use solar 


thermal-electric systems inside city limits. Even where open 
space is adequate, only extensive land-use controls can 
ensure solar access. (p. 240) 

The need for space and solar access suggests that the most 
promising applications for on-site photovoltaic systems may 
be in new developments or in low-density residential or 
commercial areas. Photovoltaics applications in denser 
areas might be confined to community-scale systems, 
unless concentrating or cogenerating systems are used. 
Costs and spatial requirements may impede the widespread 
urban use of these systems. (p. 243, 246) 


Curtailing development in surrounding areas to protect solar 


systems is another access problem. (p. 250) 


Many people perceive the so-called soft energy as 
essentially environmentally benign because do not produce 
any apparent pollutants. Unfortunately, this is only partly 
true. (p. 378) 

The environmental impact of solar collector stems from the 
low density of solar power, which requires a great deal of 
land and materials to collect the same amount of energy 
relative to fossil fuel convertors. Another major impact is 
their large material requirement per unit of energy delivered, 
which produces pollution. (p. 379) 

Biomass often has a low net energy return, may have large 


environmental impacts (soil erosion, agricultural runoff, 


production and operation of large machines), and its power 


density is so low that huge amounts of land would be 


needed. (p. 380) 


Energy production generates the major environmental 


change to landscape after agriculture, taking into account 
the land requirements of energy types. (p. 381) 
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Owens (1986) 


Rao & Sastri (1987) 


Harnessing solar energy requires large areas. Total reliance 
on renewable energy sources is not compatible with highly 
urbanised spatial structures. Soft energy paths inevitably 
raise quite profound questions about economic growth, 
distribution, and life-styles when compared with typical 
projections of world energy demand and the potential 
contribution of renewable energy sources. It seems unlikely 
that urban settlements could exist on the basis of distributed 
energy sources and will require at least some degree of 
centralisation of energy supply systems. [WOlimplicationslor 
ifiS are that small- and intermediate-scale renewable energy 
technologies would require a spatial structure of dispersed, 
relatively small-scale, settlements and that urbanised areas 
in the post-conventional fuels future will rely on high 
technology application of renewable energy. (pp. 49-51). 


Of all the areas of energy policy related to human 
settlements, land-use is the most difficult to articulate since 
land-use policies should attempt optimisation of competing 
land-uses and conflicts related to food, fibre, shelter, 
infrastructure and energy. Particularly, solar energy conflicts 
arise from the intensity, location, mix, interaction and rate of 
land utilisation. (p. 67) 

Some critical factors which have to be considered concern 
the ecological impact of energy systems; the deforestation of 
large areas; pressure on land-use; vastly increasing energy 
requirements for food production; the economic and social 
impact of the introduction of technologies and systems in 
rural settlements; changes in the pattern of the energy 
requirements and consumption in the urban and rural poor; 
long-term capital-intensive and energy-intensive 
industrialisation policies. (p. 73) Another problem is the lack 
6f appropriate legal, technical and financial arrangements. 
(p. 75) 
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UN (1987) 


Energy efficiency can only buy time for the world to develop 
Owehergy paths’ based on renewable sources, which 
should form the foundation of the global energy structure 
during the 21st Century. Most of these sources are currently 
problematic, but given innovative development, fheyleould 
SUpplythelsamelamount of primary energy the planet now 
consumes. (p. 30) 

Executive Director of the UNEP: assess the environmental 
effects of new and renewable sources of energy at an early 
stage of development. (pp. 80-81) 

The promotion of §UStainable development will require an 
organized effort to develop and GiffUseinewlechnologies, 
such as renewable energy systems. (p. 94) 

In theory, all the various energy sources can contribute to 
the future energy mix worldwide. But each has its own 
economic, health, and environmental costs, benefits, and 
risks. Choices must be made, but in the certain knowledge 
that choosing an enerqy strategy inevitably means choosing 
an environmental strategy. (p. 170) 

Fuelwood can no longer be thought of as a 'renewable' 
resource in many areas, because consumption rates have 
overtaken sustainable yields. (p. 192) 

Renewable energy systems offer the world potentially huge 
primary energy sources, SUStainableliniperpetully and 
available in one form or another to every nation on Earth. (p. 
192) 

Most renewable energy systems operate best at small to 
medium scales, ideally suited for rural and suburban 
applications. (p. 194) 

A major programme of renewable energy development will 


involve large costs and high risks, particularly massive-scale 


solar and biomass industries. (p. 196) 


46 


UN (1992) 


Mount major programmes on 8Ustainiable forms of 
renewable energy, and so begin the transition to a Safer, 


more SUStEIRADIETEREY era. (p. 201) 


Promote sustainable land-use planning and management. 
Access to land is rendered increasingly difficult by the 
conflicting demands of industry, housing, commerce, 
agriculture, land tenure structures and the need for open 
spaces. (p. 78) 

Extend the provision of more energy-efficient technology and 
alternative/renewable energy for human settlements and to 
reduce negative impacts of energy production and use on 


human health and on the environment. (p. 84) 

The need to control atmospheric emissions of greenhouse 
and other gases and substances will increasingly need to be 
based on efficiency in energy production, transmission, 
distribution and consumption, and on growing reliance on 
environmentally sound energy systems, particularly new and 
FeREWAbIEISCUTCESIONENETOY. (p. 113) 

Promote cost-effective policies or programmes, including 
administrative, social and economic measures, in order to 


encourage environmentally sound land-use practices. (p. 


118) 

Land is a finite resource, while the natural resources it 
supports can vary over time and according to management 
conditions and uses. Expanding human requirements and 
economic activities are placing ever increasing pressures on 
land resources, creating competition and conflicts and 
resulting in suboptimal use of both land and land resources. 


(p. 124) 


47 


Pimentel et al. (1994) 


OECD (1995) 


Rural energy policies and technologies should promote a 
mix of cost-effective fossil and renewable energy sources 
ihavisiitselfsustainable and ensures sustainable agricultural 
development. (p. 206) 

Initiate and encourage a process of BAWIFOMMentally Sound 
@hergy transition in rural communities, from OASUstainable 
@nergyisources, to structured and diversified energy sources 
by making available alternative new and Fenewablelsources 
GHERETY. (p. 207) 


Diverse renewable technologies are assessed in terms of 

their land requirements, environmental benefits and risks, 

economic costs, and a comparison of their advantages. In 

addition a projection of the amount of energy that could be 
supplied by solar energy is made. 


RE technologies will introduce new conflicts. (p. 536) 


While not all RE sources are inherently clean, there is such 
a diversity of choices that a shift to renewables GOuldiprovide 
@liaricleaner system. (p. 23). 

In different geographical areas different supply systems may 
be feasible or non-viable for a variety of reasons. (p. 63) 

It is necessary to identify those RE technologies which are 
currently the most appropriate for application within cities 
and their surrounding areas. Active solar or solar thermal 
energy need substantial areas of land and, in some 
instances, a particularly dry, hot climate with a significant 
number of days with clear skies conditions, which are 
unlikely to be present in many cities. Due to the diurnal and 
seasonal variation of solar radiation, most systems include 
heat storage or supplementary heating, usually provided by 
conventional fuels or electricity. (pp. 199, 201) 


Substantial areas of surrounding land would have to be used 


to provide a relatively small amount of transport fuels, and 
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Merlin & Traisnel (1996) 


Wackernagel & Rees 
(1996) 


schemes involving groups of wind turbines take up larger 
areas because of adequate separation needed between 
turbines, in addition, power schemes can create 
environmental or visual impact. (pp. 205, 206) 

RE potential should be evaluated in terms of available 


energy and costs, both in the city and in the surrounding 


area. (p. 206) 


The rise of RE and the management of energy demand are 
identified as two areas in which new dimensions and 
tensions are being added to the relationship between energy 
and land use. Renewables present challenges for the 


management of land use. 


TAETOWIEVENCHISKSTANAIPONNTION attributable to RE is 


particularly remarkable, as they do not produce toxic or 
radioactive wastes, neither NOx nor SOx. All these energies 
transmit less power when used locally, reducing by this way 
environmental risks and damages. (p. 58) 


It is EGRVERICRETOWESINCHTOSS! fuels. (p. 61). 
The Bhergyetticienicny will undoubtedly be medium in size, 


as distances will be shorter. (p. 93) 


RE sources provide Smallemecological footprints than fossil 


fuel. (p. 74) 

In many areas the use of RE sources such as photovoltaic 
cells, windmills and hot water solar collectors would 
significantly reduce the fossil fuel components of our present 
ecological footprint. (p. 75) 

RE sources do not themselves require any direct use of 
ecologically Broduetvelland. (p. 75) 

Solar technology can massively FBdUcelOUnenergy footprint. 


(p. 130) 
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Promoting more energy-efficient technology and 
alternative/fenewablelenergy for human settlements, and 
reducing the negative impacts of energy production and use 
on human health and on the environment. (p. 26) 

National, subnational and local policies and development 
plans must be carefully re-examined to ensure optimal land 
Use and geographically better balanced economic 
development, including the protection of indispensable 
agricultural land; land that sustains biodiversity, water quality 
and groundwater recharge; fragile areas, including coastal 
areas; and other sensitive areas in need of protection. (p. 
57) 

Develop, where appropriate, fiscal incentives and land-use 
control measures, including land-use planning solutions for 
more rational and sustainable use of limited land resources 
(p. 58). 

Susiainablelenergyiproduction and use can be enhanced by 
encouraging energy efficiency, by such means as pricing 
policies, fuel switching, alternative energy, mass transit and 
public awareness. Human settlements and energy policies 


should be actively coordinated. (p. 76) 


Encourage research, development and use of non-motorized 
or low-energy transport systems and the Use of renewable 
énergy sources and technologies, such as solar, wind and 
biomass energy. (p. 76) 

Encourage countries to cooperate in exchanging knowledge, 
experience and know-how in the phasing out of lead 
gasoline, through, inter alia, the use of biomass Bihanolas 


an environmentally sound substitute. (p. 76) 
Three major fields of environmental-benign urban policy 


interventions may be distinguished: a reduction of the actual 


use of scarce energy, an increase in technical energy 
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efficiency, a wide-spread introduction of HeWiSUStainable 
SRETOVISCHROIOGIES. (p. 16) 

RE provision may offer a significant contribution to an 
improvement of local or regional environmental quality 
COnGILIONS. (p. 41) 

Within the wide range of proposed regulatory measures 
aiming to cope with the environmental damage caused by 
energy use, technological change towards more 
environmental-benign technologies has been advocated as 
an Bificientpolicyisitatedy. (p. 69) 

A large size of the technology may appear to be very 
efficient as far as the energetic aspects are concerned, but 
may be impossible to be achieved because of the high costs 
involved. This applies also to the case for photovoltaic 
systems, which, if implemented on a large scale, also have a 
strong impact on the location (because of the absence of 


proper space). For this reason, a small size is prevalent for 
existing PV systems, a size that would be efficient only in an 
isolated configuration or inside domestic uses. (pp. 174, 175, 
177) 

The implementation of RE technologies has always an 
impact on the territory, so that there may always be a 
problem of space or even pollution and noise factors. (p. 
187) 

The increasingly evident lack of available and suitable space 
for RE installations forces policy-makers to give more 
attention to research on more efficient processes to supply a 
greater quantity of energy with the same size plant. This 
consideration is even more important for PV energy systems 
and especially aeolian systems, because at present these 
plants require a very large size to be efficient in terms of 
energy saving, a size that however is not only unsustainable 
in terms of impacts on the territory but also in terms of 
economic costs. (p. 196) 


51 


Girardet (1999) 


UNDP, UNDESA & WEC 
(2000) 


Location problems imply a large effort for studying the 


environmental impacts in search of the optimal place and of 
a solution of social conflicts stemming from choices which 
are often not accepted by citizens. On the other hand, a lack 
of space needed for large sized plants (in some cases the 
only way to be efficient in terms of energy saving) has to be 
taken into consideration because it has far reaching 
consequences from an economic point of view. (p. 244) 
Visibility impacts and space problems are relatively large for 
centralized, large-scale plants. (p. 253) 

In view of the threats caused by spatial environmental spill- 
overs to other areas, Coordinated actions is needed to 


prevent spatial imbalances in sustainability policies at all 
levels in all areas of interconnected spatial systems. (p. 263) 


It is plausible that even large cities may be able to make 
significant use of RE in the future. To make their energy 
systems more §UStainable, cities will require a combination 
of Bhergy2eficientusystems such as combined heat and 
power with heat pumps, fuel cells and photovoltaic modules, 


and the efficient use of energy. (p. 46) 


Options for using energy in ways that SUpporsustainable 
development, which requires addressing environmental 
concerns. include: increased reliance on renewable energy 
SOUrEES. (p. 12) 

The economic potential of renewables is affected by many 
constraints —including competing land uses, the amount 
and timing of solar irradiation, environmental concerns, and 


wind patterns. (p. 12) 


ffoMlalesourcelpolnborview, the existence of resources is 


of little 


52 


relevance without consideration of how these can contribute 
to the 

supply of (downstream) energy services. Historical evidence 
suggests that concerns may be at least partly OffSeuby 
technological progress. (p. 12) 

Unlike hydropower and conventional thermal power sources, 
wind and solar thermal or electric sources are intermittent. 
Nevertheless, they can be important energy sources in rural 
areas where grid extension is expensive. Intermittent 
renewables can reliably provide 10-30 percent of total 
electricity supplies if operated in conjunction with 
hydropower- or fuel-based power generation. (p. 14) 

For biomass to become a major fuel, energy crops and 
plantations will have to become a significant land-use 
category. Assuming a 45 percent conversion efficiency to 
electricity and yields of 15 oven dry tonnes a hectare per 
year, 2 square kilometres of plantation would be needed per 
megawatt of electricity of installed capacity running 4,000 
hours a year. (p. 157) 

Because energy plantations will likely account for 80-100 
percent of biomass supply, large-scale use of biomass may 
compete with land for agriculture and food production. But 


biomass production for energy purposes should not infringe 
on food production. By 2100 an additional 1,700 million 
hectares of land are expected to be needed for agriculture, 
while 690—1,350 million hectares of additional land would be 
needed to support biomass energy requirements under a 
high-growth biomass energy scenario. Hence land-use 
conflicts could arise. (p. 158) 

Large-scale availability of solar energy will depend ona 
region’s geographic position, typical weather conditions, and 


land availability. (p. 163) 
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The most important limitations of wind power arise from 
social, environmental, and land-use constraints, including 
visual and noise impacts. (p. 164, 165). 

The economic potential of ER is affected by land-use 
constraints, variation of availability as a function of latitude 
(solar power) and location (wind power and hydroelectricity), 
solar irradiation, and water and soil quality (biomass). Still, 
renewable energy flows are three orders of magnitude larger 
ihanleurrent globallenergy Use. Their use will depend 


primarily on the commercialisation of conversion 
technologies. (p. 168) 

1 hectare of biomass can produce 140-220 gigajoules per 
hectare a year. The production of 1 petajoule currently 
requires 4,500—7,000 hectares. To fuel a baseload biomass 
energy power plant of 600 megawatts of electricity with a 
conversion efficiency of 40 percent would require 140,000-— 
230,000 hectares. Annual production of 100 exajoules (one- 
quarter of the world’s current energy use) would take 450— 
700 million hectares. (p. 222) 

The environmental impacts of wind turbines are limited (p. 
235) 

Thearealihatwould\belrequiredito generate an average 
electrical power equal to the total present human power 
consumption —assuming 10 percent plant efficiency and an 
insolation of 2,000 kilowatt-hours per square metre a year— 
is roughly Z5OM750ISquare kilometres. (p. 237) 

About 1 percent of the world’s desert area used by solar 
thermal power plants would be sufficient to generate today’s 
world electricity demand. (p. 243) 


If renewables are to contribute to energy production ona 


global scale, sufficient areas have to be available in suitable 


locations. (p. 247) 
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Some renewable sources have high emergy [energy that 
has to be used up directly and indirectly to make a product 
or service] yield ratios. However, these are not extensive 
enough to support the global economy that has developed 
on fossil fuels. (p. 160) 

Biomass is the only proven way to run our society on solar 
energy. However, on a renewable basis, solar energy will 
support only a fraction of the present levels of population 


and industry in developed countries. (p. 168) 

Although many energy substitutions and conservation 
measures are possible, none in sight know have the quantity 
and quality to substitute for the rich fossil fuels to support the 


high levels of structure and process of our current 
civilisation. (p. 169) 


Solar energy is diffuse and variable. 


RE technologies, all of which require land collection and 
production, must compete with agriculture, forestry, and 
urbanization for land. As the growing world population 
demand increased electricity and liquid fuels, constraints like 
land availability and high investment costs will restrict the 
potential development of these technologies. (p. 1117) 


Using available RE technologies, an estimated 200 quads of 


RE could be produced worldwide on about 20 % of the land 
area of the world. (p. 1118) 


The biggest problem with biomass sources though is that 
they have extremely low area grades. (p. 169) 
Solar power is a field state grade, which is the lowest state 


grade. A field state grade is low because it cannot be stored 
easily. Converting solar power into electricity is difficult 
because the solar energy is diffuse. It is difficult to obtain 
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economics of scale for producing energy. This is why solar 
power is not really the saviour of our economy. (p. 173) 

It is possible that alternative energy resource will help the 
world’s economy once oil supplies run low. However all 
alternative energy resources have lower energy grades than 
oil. (p. 175) 


Changing GRSUStainablelpattemsioficonsimption and 
production, with a sense of urgency, substantially increase 
the global share of renewable energy sources with the 


objective of increasing its contribution to total energy supply. 
(p. 16) 


Our options for energy supply must be constrained by our 
impact on the environment. RE technologies using regional 
or global sources, coupled with a reduction in energy use by 
adopting energy efficient technologies, offer fielonlyisare 
and proven option open to us for future energy needs. A 
region such as Japan is able to supply all of its own energy 
needs with this option. (p. 5) 


About solar energy, scenarios estimates between 31 % and 


60 % of the total available area in Japan for the installation 


of PV systems. (p. 76) 
Mismatch between the low power densities of RE flows and 


relatively high power densities of modern final energy uses 


means that any large-scale diffusion of solar energy 





impacts. Most notably, there would be vastly increased fixed 


land requirements for primary conversions and some of 





these new arrangements would also necessitate more 


extensive transmission rights-of-way. (p. 243) 
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renewable source. (p. 261) 

If we were to replace the world’s coal consumption in the 
year 2000 by harvesting woody biomass we would have to 
cultivate tress on about 330 million ha, an area larger than 
the combined total of remaining forested land in the 
European Union and the United States. And if the U.S. 
vehicles were to run solely on corn-derived ethanol the 
country would have to plant corn on an area 20 % larger 
than is its total of currently cultivated cropland! (p. 264) 
Competition with food and fibre corps, destruction of 
remaining natural ecosystems, loss of biodiversity, and 
intensified environmental degradation far beyond the areas 
converted to biomass plantations are the main reasons why 
it is not desirable to use either agricultural land or natural or 
degraded forests, wetlands, and grasslands for large-scale 
cultivation of biomass crops. (p. 266) 

Electricity produced by renewable conversions will create 


:a much higher share of distributed 
(decentralized) generation; inflexible locations of large 
concentrations of renewable conversions; the inherently 
intermittent nature of renewable conversions and the lack of 
any practical large-scale means of electricity storage; the 
need of converting a part of renewably generated electricity 


to high-density portable fuel required for many transportation 
uses. (p. 296) 





Purvis (2004a) 


Purvis (2004b) 


Munier (2005) 


It is vital to question what is practical, what is effective and 
what is adequate as a prescription for more Sustainable 
development. (p. 41) 

Existing theoretical treatments of sustainable development 
are limited by lack of grounding in any S@nselof/spatial 
CORTEX. (p. 48) 


Windfarms adversely affect wildlife. On-shore installations 
harvesting wave power face similar criticisms. Extensive 
areas of solar panels or biomass crops could, if insensitively 
designed and located, also prove environmentally disruptive. 
(p. 263) 

Greater use of renewables may require rethinking of the 
geography of energy demand. In the long term, it may prove 
viable to relocate energy-intensive activity nearer to the 
best-developed RE sources. This will require careful 
planning if it is not to raise further concerns about 
environmental impacts. (p. 266) 


Wind turbines are a §UStainable way of generating energy 


because they use and iR@XRAUStDISMUCIMHEIWIRG: are not 


polluting in any way, except during the manufacture of their 
parts; substitute for fossil fuel consumption. (p. 237) 

PV does not produce any negative environmental effects by 
way of pollution to the air, land or water. It makes no noise, 
and does not consume any non-renewable resources. [iS 
‘fuel’ is an inexhaustible source: the sun. For large 
installations, is greatest drawback is Probably related to land 
use since they cover large spaces. However, they can also 
be installed in uninhabited, desert areas. (p. 240) 


A project is environmentally sustainable if works with RE 
FESOUEES. (p. 335) 

It is necessary to assess the land needed for each 
alternative. (p. 344) 
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Generally subsumed under ‘renewables’ are also other, 
related forms of Benigmandl vinUally inexhaustible non-solar 
power generation. (p. 5) 

Fossil fuels and uranium are dirty since jointly they heavily 
contribute to the vast majority of global and local 
environmental crises: global warming; fresh water depletion; 
soil, water and air pollution. REMGaniWindyWatenisunland 
Bice IbaSed POWE=ISIinlinfiniteISUPPIY. It is capable of 


replacing fossil fuels and nuclear power within 50 years. The 
urban RE revolution is an essential, inevitable component of 
a SECUISIANAIprosperousiuilre. (pp. 11, 12) 

The Renewable City, in part due to the necessarily limited 
technological and spatial capacity of internally sustained 


energy sources and in part to a reinforcement of non-urban 
sectors of the economy, is more likely to exist in a Steady 
State. (p. 24) 

In principle and in the long run RE systems do not seem 
capable of further accelerating uncontrolled urban growth. 
(p. 43) 

Rising regional economies are likely to be marked by a 
search for resources capable of supporting local urban 
centres: this may well inaugurate an é@ra of large-scale food, 
solar, bio- and wind energy production farms. (p. 47) 

RE technologies are affordable and infinite in supply. 
Production costs continually fall and comparably few 
environmental, social, political and security risks arise. (p. 
52) 

Solar-thermal, PV, wind and bio-fuel energy production 
represent land uses akin to multi-crop farming and, although 
these have not yet been carefully studied, it is safe to 
consider them as ranking among the fastest-growing land 
use changes today. (p. 98) 

Distributed RE systems may dominate the urban scene of 


the future but they will be massively supplemented by large- 
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Scale regional production systems to make up for the limited 


pace of inner-urban transformations. (p. 172) 
Biomass used for direct burning can be polluting, does not 
achieve a very high energy conversion rates and is 


extremely space intensive: it competes with nature 


conservation, food production and urban land uses. (p. 175) 


Solar cities strive to produce energy, food, and materials 
locally. (p. 32). 

Farms and landscapes, 6pemareasimandlaroundicities, can 
be viewed as the potential source of renewable energy, 
especially the BROGUCHORMISTBIOAeropSiandIbiOMUElS. (p. 39) 
Metropolitan landscapes can be viewed as pallets for 
creative mixes of solar and renewable energy projects, and 
every city and region can have its own special opportunities 
and resources. (p. 39) 


Towards a circular urban metabolism. (p. 42) 
There has been little critical discussion of limits to RE. 


Unfortunately people working on RE technologies tend not to 
throw critical light on the difficulties and limits. They typically 
make enthusiastic claims regarding the potential of their 
systems. (pp. 1, 2). 

The major limitation with most renewables is not to do with 
quantity but concerns their intermittency or variability. This 
means that renewable sources tend to be alternative rather 
than additive. (pp. 5, 6) 

To provide the 9+ billion people we will probably have on 
earth by 2060 we would need 24 billion ha of biomass 
plantations. However, the world’s total land area is only 13 
billion ha, and the total forest, cropland and pasture adds to 
only about 8 billion ha, just about all heavily overused 
already. (p. 3) 
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If wind was to provide one-third of the 4500 EJ that would be 
needed to provide 9 billion people with the per capita 
electricity use Australians are heading for by 2050, the 
multiple would be about 2000 times the dearly 2000s wind 
contribution. (Even in a good region wind could not 
contribute more than about 25% of average demand. Clearly 
the gains from “over-sizing” the wind system would be 
savagely offset by the rise in total system capital costs, and 
it would not pay to have much more than X GW (peak) of 
wind plant, the average wind system capacity fell to in view 
of the need to use very large areas. (pp. 4, 7, 8) 

The main problem with PV electricity is not its high cost but 
that it too is an intermittent source and its possible 
contribution to a wholly renewable energy system is 
therefore limited without the capacity for very large scale 
electricity storage. Even in the best regions PV provides no 
energy for up to 15 hours on a hot and clear summer day (p. 
8) 

A solar thermal power plant of capable of delivering 1000 
MW in winter would need 100+ million square metres of 
collection area. A plant capable of delivering 1000 MW in 
winter would have to include up to 50,000 big dishes each of 
400 square metres. These would probably have to be 
spread over an 11+km x 11+ km area. The climate data 
seems to show that despite their storage capacity solar 
thermal systems would suffer a significant intermittency 
problem and in winter would either need storage capacity for 
four or more cloudy day sequences once or twice each 
winter month, or would need back up from some other 
sources. (pp. 11, 14, 16) 

The lower we want to make the gap the more we will have to 
over-size the renewable components of the system, with 
significant consequences for embodied and capital costs. (p. 
24) 
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The foregoing evidence seems to at leave much doubt as to 


how much electricity from renewable sources we are likely to 
be able to afford or integrate into the supply system. It 
seems to show that it is unlikely that demand could be met in 
winter. It is much more unlikely that renewables will be able 
to generate sufficient electricity to fuel all of our transport via 
electric or hydrogen vehicles. To this we must add the fact 
that electricity demand is rising all the time, and fast. (p. 27) 


Over the medium and long terms, @lSUstainablelenergy 
System can only be supplied by renewable sources. 
Although the amount of energy offered by renewable 
sources exceeds the global energy demand by far. the 
expense to install the technical equipment in order to utilise 
these renewable sources should be kept at a minimum. (p. 
15) 


One potential side effect with shifting from fossil fuels to 


other energy sources is the increase in area required by 
some RE production techniques (energy sprawl). (e6802) 
Many energy production techniques actually have multiple 
effects on biodiversity, which operate at different spatial and 
temporal scales. (e6802) 

Some energy production techniques clear essentially all 
natural habitat within their area of impact. A review of the 
literature found this to be true for coal, nuclear, solar, and 
hydropower, as well as for the growth of energy crops for 
biofuels or for burning for electricity. Wind turbines have a 
similar figure of about 3-5% of their impact area affected by 
direct clearing while 95-97% of their impact area is from 
fragmenting habitats, species avoidance behaviour, and 
issues of bird and bat mortality. (e6802) 


Our results stress the importance of energy conservation for 


reducing energy sprawl. (e6802) 
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Our analyses show that, regardless of scenario, at least 
206,000 km? of new land will be required to meet the United 


States energy demand by 2030. Further, implementing a 
cap-and-trade system may increase the total new area 
impacted by energy development and change its distribution 
among habitat types. Energy production will shift from fossil 
fuels to energy production techniques that draw more diffuse 
energy from a broader spatial area. (e6802) 


Our results demonstrate that, under certain policy scenarios, 









one potential side effect of reducing emissions is an 
increase in habitat impacts. The impact of a cap-and-trade 





system will be less, however, than from biofuel production 


already mandated by current law. Aggressive energy 





practices, and reduction of greenhouse gas emissions will all 





be necessary to minimize the impact of future energy use on 
habitat and wildlife. Energy sprawl deserves to be one of the 
metrics by which energy production is assessed. (e6802) 

Not all biodiversity impacts are directly related to the amount 


of land taken up by a technology, but it is likely that an 
a relatively large biodiversity impact, so the total new area 


impact is a useful quantity to measure. (e6802) 


There is nothing utopian about the ultimate goal we propose: 
percentrenewable reality in all sectors of energy provision. 


The f@Ghnicalitools to achieve a high degree of urban energy 
autonomy are: i) solar electricity and thermal systems 


mounted on roofs and facades; ii) small wind power, heat 
pumps and geothermal systems; iii) biomass, use of sewage 
and methane capture; iv) local RE distributed via electricity 
grids and thermal distribution networks. (p. 5) 
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A key component of the sustainable city is a (Gifeular 
metabolism’ which assures the most efficient possible use of 
feSOurces. (p. 7) 

The local, regional and global health B@netitslom going 
fenewalble"arelabundantly documented, in both human and 


ecological health. (p. 9) 


Power generation using PV offers three key benefits: no air 
pollution, no water consumption, and no waste. A ground- 
mounted array can, however, require a fair amount of space. 
It can take five or more acres to produce 1 MW. The obvious 
land use concern for large-scale solar arrays is consumption 
of natural land serving as wildlife habitat or providing other 
ecosystems services. (pp. 1073, 1074) 

Land use efficiency is an even more critical consideration for 
biomass than for PV arrays. (p. 1092) 

Craft a Siting policy, at the state and local level, instead of 
responding project by project, and controversy by 
controversy. Early planning can help avoid misguided and 
wasteful land use. Guiding RE siting can reduce community 
strife. (pp. 1096, 1097) 

Key opportunities: facilitate siting for widespread distributed 
generation; guide projects to sites that maximize land use 
efficiency and minimize environmental and community 
impacts; develop sustainability standards for biomass 
development; focus expedited permitting on sitting well, not 
just siting quickly. (pp. 1098-1102) 


Transition from an energy supply dominated by fossil fuels to 
a world relying mostly on non-fossil fuels and generating 
electricity by harnessing RE flows is desirable and 
eventually inevitable; the process will be considerably more 


difficult than is commonly realized. Five reason explain the 


challenge: the overall scale of the coming shift; magnitudes 


64 


Andrews et al. (2011) 


of RE resources and their surprisingly uneven distribution; 
the intermittent, and to a significant degree unpredictable, 
nature of most RE flows; lower energy density of the fuels 
produced to replace solid and liquid fossil fuels; and, 
perhaps most importantly, substantially lower power 
densities with which we can harness RE. (p. 108) 

Energy is consumed in modern urban and industrial areas at 
increasingly higher power densities, ranging from less than 
10 W/m? in sprawling cities in low-income countries 
(including their transportation networks) to 50-150 W/m? in 
densely packed high-income metropolitan areas and to more 
than 500 W/m? in downtowns of large northern cities during 
winter. (p. 118) 


Given the finite land area on earth and the need to reserve 


some land for food, fibre, recreation, and biodiversity, certain 
resources may be implausibly land intensive. (p. 92) 
Several factor increase the land use requirements of energy 


production, so the real impacts on land policy are 
understated. (p. 93) 

There is not enough rooftop area available in dense cities to 
serve everyone’s heating and hot water needs. (p. 94) 

For land policy, the scale question is very important, 
because more solar photovoltaic installations will appear as 
system costs continue to decrease and efficiencies continue 
to improve. The first hope expressed by solar advocates is 
that households could become energy self-sufficient by 
installing rooftop photovoltaic arrays. This can work only 
under fairly restrictive conditions: available roof area, the 


technology, and the intensity of the solar resource. This 
outcome hints at the challenge of using photovoltaics in an 
urban context: buildings with two or more stories are quite 
common in cities, and they do not have enough roof area for 
the required amount of solar cells. (p. 96) 
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Some 5.5 million km? of land area would be needed to 
supply 100 percent of current energy demand with solar 
photovoltaics. Wind needs twice as much land area to 
generate the same amount of energy as solar photovoltaics 
and varies even more by location. (p. 96) 

Solar and wind technologies will more often be deployed in 
remote locations where the resources are better, more land 
is available, and siting conflicts are less severe. Getting the 
energy back to consumers is the looming challenge. 
Physical limits prevent it from becoming a globally dominant 
energy solution. (p. 98) 

A primary concern is whether energy crops will displace food 
crops, forests, or something else (pastureland). Global land 






market modelling suggests that all three categories will be 
significantly affected. (p. 98) 

The availability of other constrained resources such as water 
may limit the deployment of renewables. (p. 101) 

The land requirements of a renewable energy economy are 
daunting, more so politically than economically. Solar 
thermal and geothermal have the smallest land footprints, 
but are available only in certain locations; wind has a larger 
foot print and similar limited suitable locations, which include 
offshore possibilities; solar photovoltaics have a large 
footprint, but fewer locational constraints; and bioenergy has 
by far the largest land requirements per unit of energy 
delivered. Regional resources are leading analysts to 
envision different mixes in different jurisdictions, with the 
common elements including a demand-side emphasis on 
energy efficiency improvements and a supply-side emphasis 
on improved energy transmission capabilities. (p. 110) 

The most significant noneconomic barrier to a successful 
transition to renewable energy is not the land requirements, 
but the siting challenges. Siting challenges are even greater 


for the transmission lines needed to move electric power 
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from remote renewable energy generation sites to 


population centers. (p. 110) 


In contrast with traditional energy, new (clean) energy has 
three major advantages: it is highly efficient, renewable and 
SAvironmentallytriendly. More importantly, new energy Gan 
Solvelthelgloballenergyicnisis and reduce the hazards which 
caused by traditional energy pollution. (p. 1) 

Coal or fuel, which is the most popular energy source since 
the industrial revolution, is a (OWieificleneyenergyresource 
compared with any new energy resource. (p. 3) 

New energy mostly comes from nature, like 80m, Wind and 
SO on, so we can consider it as an Uiilimited resource. (p. 4) 


Energy-land use, an underexplored nexus. (p. 246) 

Energy and land use interlock in at least three distinct ways: 
energy for land use (energy consumption and patterns of 
land development); land use for energy (land for energy 
generation); energy-land use integration (land to generate 
energy and reduce energy demand). (p. 246) 

Land use law is energy law. (p. 247) 

The energy-land use nexus is analytically useful: it allow us 


to frame critiques of existing regimes to identify how “energy 
law” is shaped by and is shaping land use patternns, and 
conversely, the role of “land use law” in defining problems 
energy policy must respond to and limiting the range of 
viable options for energy infrastructure. (p. 257) 


Reatinmingipastactioniplans (1972, 1992, 1996, 2002). (p. 
3) 
We recognize that improving energy efficiency, increasing 


the share of FanewWablelenergy and cleaner and energy- 


efficient technologies are important for SUStainable 
development, including in addressing climate change. (p. 25) 
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Recent methods for quantifying land use include evaluating 
the direct and indirect life-cycle use and assessing 
temporary and permanent land-area requirements. While 
there is no single, generally accepted methodology, at least 
three general categories are used to evaluate land-use 
impacts: i) the area impacted, ii) the duration of the impact, 
and iii) the quality of the impact. The quality of the impact 
(also called the “damage function”) evaluates the initial state 
of the land impacted and the final state across a variety of 
factors, including soil quality and overall ecosystem quality. 
(p. 2) 

On a capacity basis, the total-area capacity-weighted 
average for all solar power plants is 8.9 acres/MWac, with 


22 % of plants within 8 and 10 acres/MWac. (p. 17) 


Land use conflicts with renewable energy and distributed 
generation are only very briefly alluded to, as they are 
considered nascent technologies and are treated primarily 
as engineering and technological problems rather than 
social ones. (p. 355) 

Renewable energy sources have low energy density and, 
therefore, the effects on land use are much larger though 
nonrenewable sources might have more intense local 
effects. (pp. 355, 356) 

Known for their Vittallyllimitlessiuel, these renewable 
energy programs have sought to significantly alter the 
eneray 2s Well a8 the hatural landscape. The nature of 


energy production and the type of fuel that is harvested have 
different implications for planners. (p. 360) 

Perhaps the renewable energy debate that is most relevant 
io planners iS the Siting decisions of both centralized and 
decentralized production technologies. (p. 360) 

Two types of solar energy production methods are prevalent 
for large-scale centralized systems: photovoltaic farms and 
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concentrated solar power. Both require high solar insolation 
and large areas. (p. 361) 

There are legal land use implications for locating wind and 
solar equipment near populated areas. The most direct 
conflicts can occur when large-scale RE farms are located in 
or near sensitive eco systems or migratory paths. More 
significantly, because the energy density of renewable fuels 
is low, large areas are required for centralized production 
Large RE projects are usually located in sensitive 
ecosystems. (p. 362) 

The indirect effect of land transformation is an issue of the 
scale and location of the transformation. If biofuels become 
substitutes for conventional fuels, they dramatically increase 
the land use conflicts because of the high land and water 
requirements. (p. 362) 

While there are strong connections between energy and 
land use, little work has been done in the land use planning 
realm. However, even in the cases of centralized production, 
there are significant land use issues that are rarely 
considered in the environmental impact statements that 
usually accompany these projects. As distributed energy 
production systems become increasingly common, the 
conflicts and the opportunities for traditional planners will 
only multiply. Innovations in energy production may pose 
problems in regard to adapting the existing institutional 
structures, rules, and regulations. (p. 365) 


The diffuse nature of solar energy necessitates that large 


solar energy into forms usable for human consumption, 


natural ecosystems, their services, and biodiversity therein. 


(p. 13579) 
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Nearly 30% of all utility-scale solar energy (USSE) 
installations in California are sited in croplands and pastures; 
signifying perhaps an increasing affinity for using agricultural 
lands for renewable energy. The growing demand for food, 
affordable housing, water, and electricity puts considerable 
pressure on available land resources, making recent land 
use decisions in this region a noteworthy case study for 
understanding the food-energy-water nexus that should be 
Explored. (p. 13582) 

USSE development is a source of land cover change and, 
based on its proximity to protected areas, may exacerbate 
habitat fragmentation resulting in direct and indirect 


ecological consequences. (p. 13583) 








Wind energy development is being promoted as a “clean” 
alternative. However, this perspective often overlooks the 
ever-growing impacts of energy development on the 
landscape, which have been termed energy sprawl. (p. 290) 
[formation on the current and projected impacts of oil, gas, 
and wind energy development on habitat for biodiversity and 
land-based ecosystem services [§iSearee and Warrants 
fUriheninVestigation, given the potential of energy 
development to transform natural and human-dominated 
landscapes. (p. 290) 

As energy development increases and spreads concurrently 
with human population growth, Umderstanding the 
consequences of alternative development scenarios for 
natural ecosystems and human communities is emerging as 
@88eniial to the persistence of biodiversity and natural 
capital. (p. 299) 


The short term targets of the UK Bioenergy Strategy and 


long-term projections of bioenergy deployment in the Carbon 
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Plan will probably lead to significant competition for land. (p. 


335) 


Ensure acces to affordable, reliable, sustainable and modern 
energy for all. INéreaselsubstantiallyithelsharelonreneWable 
Bhergy. (p. 21) 

Support positive economic, social and environmental links 
between urban, peri-urban and rural areas by Strenghtening 
national and regional development planning. (p. 24) 


Protect, restore and promote sustainable use of terrestrial 





ecosystems, sustainably manage forest, combat 
desertification, and halt and reverse land degradation and 
halt biodiversity loss. Integrate ecosystem and biodiversity 
values into national and local planning. (p. 27) 


Urban and territorial planning for sustainable development: 
promote compact cities, regulate and control urban sprawl, 
limit the footprint of urban areas, in order to effectively 
address the challenges of climate change. (p. 21) 

Set up and adopt efficient low-carbon urban forms and 
development patterns as a contribution to improving energy 
efficiency and (GReasingithelaccesslandlUselonrenewable 
BRETEVISOUFCES. (p. 21) 


The growing land use footprint of energy development will 
likely cause significant habitat loss and fragmentation with 
associated impacts to biodiversity and ecosystem services. 
However, the land use implications of future energy 
development are not well understood. (p. 1) 
Recent US energy spraw!: the landscape impacts were 
161,000 km?, due to the spacing requirements of wells and 
wind turbines. Considering the direct footprint, biofuels 
accounted for two thirds of the energy sprawl (67%; 55,390 






km?), despite comprising only 6% of total energy production. 
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Future US energy sprawl (general) will directly impact an 
additional 179,637 to 241,580 km? by 2040. (p. 7) 

Land use efficiency varies greatly across energy production 
types, from 0.13 km?/TWh for nuclear to 809 km?/TWh for 
biomass. (p. 8) 

Every 1% of energy conservation would save roughly 2,000 
km? from being directly impacted with energy infrastructure 
by 2040. (p. 9) 

When we include spacing requirements, over 800,000 km? 
of landscapes will be impacted by energy development. (p. 
11) 

Energy sprawl is causing land use change at rates higher 
than other major drivers, making it the largest driver of land 


use change in US. (p. 11) 






Even with substantial increases in end use generation and 
energy conservation, large areas will still be required for new 
energy development. (p. 12) 


and efficiency in addition to distributed renewable energy 
and appropriate siting and mitigation. (p. 12) 


An organizational approach that involves distributed energy 


systems based on Bulilaingrelatedirenewableveneroy 
production and micro-grids can effectively reduce the risk of 
@hergy'Sprawl and excessive land occupation. (p. 267) 


Establishing new, local energy systems also demands an 
innovative organizational framework that has not been 
adequately considered to date (integrated energy 
management systems). (p. 268) 

The US’ electricity requirements could be satisfied by 
SPDIVINGIPAOIOVElaICPAREISTOIZZIOMbuilding rooftops and 


walls, parking lots, along highway barriers, and so on. (p. 
268) 
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Even adopting a conservative insolation value of 1000 


kWhim®, there would theoretically be an overabundant 
yearly production to cover the average domestic power 
GOnsumption (1000-1300 kWh per capita), without invading 
a single square meter of farmland or forest. (p. 268) 

The transition to renewable resources does not necessarily 
implytakinglupimoreliand —quite the opposite, providing the 


institutional framework favors the development of a 
decentralized, distributed energy system, enabling the 
systematic integration of small-scale equipment in buildings. 
(p. 271) 


An awkward problem concerning ground-mounted PV plants 
is often depicted in land use competition with crop 
production. (p. 2) 

Total amount of PV energy is strongly influenced by two 
main parameters: (i) the availability of not irrigated arable 


land and (ii) the presence of constraints, related to the 
landscape maintenance, morphological variables (slope and 
altitude), the earthquake risk and the specialization index. 
These features, linked to crop yield, lead to a greater 
potential impact —in terms of crops substitution. (p. 9) 


The graphs show that FROSHCIeSICanineeLMOrelhaneovs 
of annual electricity demand through a solar city project. 
City-wide deployment of POOMOplsolar could further cover 
about 60%, 50%, and 38% of Los Angeles, San Francisco, 
and Portland’s annual electricity consumption, respectively. 
(p. 7) 

Based on modelling assumptions, such an installation level 
could cover up to 32% of global urban electricity demand by 
2050 (p. 8). 
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This raises the question of the practicality of solar cities: 
infrastructure-scale solar PV planning requires significant 
investment far beyond current levels. (p. 8) 

A sustainable urban metabolism is within our grasp. (p. 13) 


Renewables clearly produce ‘dilute electricity’ in the sense of 
having an energy density that is orders-of magnitude less 


than conventional sources. (p. 212) 


Compared to agriculture, forestry, mining, and urban 
settlements, direct land use for capturing energy resources 
is relatively negligible, at approximately 2 % of global land. 
(p. 5) 

To what extent the overall land use of RE is more favourable 
than that of non-renewable sources depends on the mix of 
renewables, their siting, method of deployment and 
maintenance/management. [inovalive Geploymentor 
fenewables willreducetheluselonland and avoid landscape 


disturbances caused by fossil and nuclear energies. (p. 40) 


Another potential consequence of using agricultural land for 
energy purposes is decreasing food security. (p. 4) 
Although the impacts of dedicated bioenergy crops on 


cropland conversion is now a well-known phenomenon, the 





phenomenon. Although land use for solar energy was 
traditionally expected to be negligible, reviewing real-world 


PV land sites reveals that initial assumptions on land input 
per energy output underestimate the real land use 









requirements by a factor of § to 10. Rooftop space will not 
be enough to power all US energy with solar PV, while it has 


been estimated that it would only be possible to cover a 





small percentage of today’s urban areas with solar panels 


(<2 %). Only 8.8 % of total electricity demand could be 
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supplied by rooftop-PV in the US, while for more densely 
populated countries such as Germany, the maximum 
potential share of rooftop-PV drops to 4.5 %. We are starting 
to see an important shift from rooftop towards ground-based 
solar installations in the real world. There are, however, 
certain constraints for ground-based solar installations. One 
important constraint is land-sloping. Despite the availability 
of large amount of unused and high-irradiance scrubland, 
agricultural lands are often preferred over scrublands for 
installing solar capacity. Some of the constraints for solar 
power in deserted areas are biodiversity protection, land 
preparation costs, grid proximity, water availability and 
remoteness from inhabited places. Most of these issues 
bring significant extra costs and/or energy losses. (pp. 5-7) 
Solar energy will require a significant amount of extra land to 
overcome the intermittency problem. (p. 7) 

In some regions, there is an increased risk of land 
competition between agricultural and renewable energy 
purposes due to high population density and/or the absence 
of sufficient amount of desert-and dry scrublands. (p. 8) 
Japan has seen an explosion of ground-based PV 
installations since 2011 onwards, increasing land prices for 
solar-suitable land plots. (p. 8) 

The expansion of land- intensive renewable energy use in 
the electricity sector will decrease agricultural self- 
sufficiency, but this decrease will be more than offset by an 
increase in energy self-sufficiency in most scenarios. (p. 32) 
Policymakers should take land-use impacts into account 
when developing renewable energy policies. Large scale 
solar power —traditionally seen as an energy source without 
significant trade-offs— does not come without land use 
impacts, although these impacts @reinOmsubstantial in high 


irradiance latitudes. (p. 33) 
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Regardless of the energy development path we choose — 
fossil fuels or renewables— the resulting energy footprint will 
continue to vex us. (p. xiii) 

The cumulative impacts from energy development to the 
environment. Unfortunately, however, this issue has not 
received the attention it deserves. (pp. xiii, xiv) 


We are ill prepared for the scale of impacts. (p. xvi) 


especially when built on previously undisturbed land or when 
large-scale grading (leveling) of the landscape is 
implemented. However, as currently deployed, it can result 
in substantial land-use, environmental, and conservation 
costs in sensitive natural habitats. With 1 megawatt direct 
current (MWdc) of output requiring approximately 3 hectares 
of land. As the number of USSE installations multiply, so too 
do the associated impacts of land-use change. (pp. 1-3) 


impacts and make use of techno-ecological synergies in the 
land-energy-ecology nexus are needed to preserve 
biodiversity and open space. (p. 7) 

Currently, information on USSE effects is available for only a 
few species, locations, and ecosystem types. The 
development of environmentally conscious USSE is also 


hindered by lack of information exchange. (p. 8) 


Most of the reviewed scientific literature focuses on the 
technical aspects of renewable energy but, in the case of our 
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research, we presented some implications that renewable 
energy sources (RES) cause in the social and environmental 
areas. (p. 598) 


friendly. However, some studies have to be stablished in 


order to determinate the global footprint of these 
technologies. (p. 612) 


Electricity generation is energy intensive, and each source 
leaves its own environmental and ecological footprint. 
Although many studies have considered how electricity 
generation impacts other aspects of the environment, few 


sources require. (p. 1) 

The Arkansas Nuclear One Station requires only 1,100 
acres (1.7 square miles) to produce 1,800 megawatts 
operating at a 90 percent capacity factor. For modern wind 
and solar plants operating at the same capacity, they would 
require 108,000 acres (169 square miles) and 13,320 acres 
(21 square miles) of land respectively to produce the same 
amount of power. (p. 6) 

Some studies estimate that the actual lifespan of wind 
turbines is closer to 12-15 years. Wind energy produces at 


an average of 32.2 % capacity, making wind the least 
efficient energy source other than solar. (p. 16) 

Solar power is the most inefficient of all renewable energy 
sources with an average capacity factor of 25.8 % for PV 
solar and 22.1 % for thermal (concentrated) solar. (p. 18) 


Ensure environmental sustainability by promoting clean 
energy and sustainable use of land and resources in urban 
GEVElOpMent (p. 8) 


Susiainablé basic physical and social infrastructure, 


including OGERTARGFEREWABISTERENGY (p. 11) 


Cf 


Lin et al. (2018) 


Wu (2018) 


PromotingisUstainablelandiuse, combining urban 


extensions with adequate densities and compactness to 
prevent and contain urban sprawl, as well as preventing 
unnecessary land-use change and the loss of productive 
land and fragile and important ecosystems. (p. 17) 
Promote integrated urban and territorial planning, including 
planned urban extensions based on the principles of 
equitable, efficient and sustainable use of land and natural 
resources, compactness, polycentrism, appropriate density 
and connectivity. (p. 21) 

Ensure universal access to affordable, reliable and modern 


energy services by Bromoulng energy efficiency and 


sustainable renewable energy. (p. 25) 


Analyzing the ecological footprint by footprint type reveals an 


easy target for achieving significant reductions in the world’s 


Ecological Footprint: (FanSiiOningHOIGleAMenergy. (p. 15) 


Yet [if/@iS1RAOWA about the degree to which potential high 
quality RE —and hence, lower cost— resource areas conflict 
with high conservation value land. (p. 2) 

Several studies have found that electricity systems with 
higher shares of variable RE have more transmission 
capacity requirements. Depending on the distribution of 
wildlife and important habitat across the landscape, 
conservation considerations can reinforce or conflict with 
energy-planning criteria. (p. 2) 

Human transformation of the landscape through energy 
extraction and its impacts on key ecosystem services are 
poonynderstood and accounted for in the energy planning 
process. (p. 3) 

RE technologies, on the other hand, spatially concentrate 


their operational phases, making their power plant footprints 


larger, and have generation characteristics that are 
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inherently tied to location and siting choices, making their 
rapid growth as much a landscape integration problem as it 
does a grid integration problem. These fewlehallenges of 
RE development require revisions to the way that land use is 
considered in energy planning. (p. 4) 

The land-use implications of deep decarbonization of the 
electricity sector RaVelnOuDeen Well characterized 
quantitatively or spatially. (p. 8) 

Currently, there is a Aehionunderstanding of the 
environmental impacts and economic costs of potential RE 
siting decisions that achieve ambitious RE targets. (p. 25) 
We find that imposing environmental constraints on RE 
development achieves lower conservation impacts and 
results in development of more fragmented land areas. More 
ambitious RE targets result in higher water consumption, but 


under more environmental exclusions, this water demand is 
also more geographically dispersed. (p. 25) 

“No-regrets” options —or zones that are low-cost, low- 
environmental impact, and highly accessible— exist such 
that significant fractions of demand can be quickly served 
with low-impact resources without large cost impacts. (p. 55) 
Strategic renewable energy siting using fiulti@ertenalspatial 
analysis. (Chapter 4) 


By encouraging a fiiUIi#EVereqioensityionsetlements, land 


taking processes and competition with agricultural practices 


will be avoided. [RISWINNETECiVelyipreventienergyisprawl 
phenomena, often cited as a possible negative side effect of 
the diffusion of systems based on renewable resources. 


(online) 


RE systems differ greatly from non-renewables in power 
density. Increasing the US renewable energy portfolio will 
increase land-use, presenting challenges for other sectors 


79 


Radu et al. (2019) 


Ram et al. (2019) 


Rehbein et al. (2020) 


such as agriculture, and the protection of, for instance, 


biodiversity. However, {hellandsUselimpactoninelenergy 
Sectoncan!belreduced by the procurement of low-carbon 


technologies with higher power density values and the multi- 
purposing of land. (p. 91) 


It would be of interest to assess the impact of existing RE 
sites in the complementarity-based expansion of the system. 


would unlock the 
full potential of this method to quantify the benefits of 
complementarity in power system planning studies. (p. 6) 


This research study presents a first of its kind technology- 
rich, multi-sectoral, multi-regional and cost-optimal global 


energy transition pathway. [RSISayishoweasesiihatla 


8ySteml Solar photovoltaics (PV) and wind energy emerge 
as the new workhorses of the future global energy system. 


source accounting for approximately 69% of the total energy 
supply by 2050, complemented by wind energy at 18%, 


hydropower at 3% and bioenergy at 6%. (p. VII) 








more land area than fossil fuel thermal facilities to produce 


equivalent amounts of energy. (p. 2) 

Despite the strong and often negative feedbacks between 
biodiversity conservation and RE expansion, policies to 
promote these two objectives are almost always planned 
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Separately. Consequently, by co-locating, the production of 
RE could seriously compromise conservation efforts. (p. 2) 
We provide the first comprehensive global assessment of 
current and possible future overlaps between RE 
technologies and important biodiversity conservation areas. 
(p. 2) 

Where the current renewable generation development 
activity might pose the greatest risks to important 


conservation areas. (p. 3) 


encroached on many of the world’s most important places 
for conserving biodiversity, with 2,206 facilities already 

operational within protected areas, key biodiversity areas 
and wilderness areas. Furthermore, the number of active 
renewable energy facilities in side important conservation 
areas could increase by ~42% by 2028, suggesting conflicts 


will likely intensify in the near future. (p. 7) 











It is important to recognize that the analysis provided here 


could underestimate the extent of current and future impact 
several reasons. Firstly, because we excluded smaller 


energy facilities (<10 MW) and the transmission lines and 
roads required to connect energy generation sites to the 
grid. The impacts of this associated infrastructure can be 
substantial, affecting large areas of land and fragmenting 
habitats. (p. 9) 

We have determined the extent of current, and potential 
future overlap of RE facilities and important conservation 
areas, showing that overlaps are numerous, and are 
potentially compromising the goals of biodiversity 
conservation. Our results also show that the spatial 
distribution of overlaps is moving from developed regions 
towards more biodiverse developing regions, where the 


consequences for global biodiversity conservation will be 
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